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'This . training ' manual is intended to provid^^ the . 
.infp'rmatiQn necessary to ineet the EPA^^ s 
, ■ Demons^trat ioa and -Resedr^h: Pest Control and-prepare 'you 
• ; for the \yfritten examinatipn required for CertifiGaticfi. - The 
' empha.sis in^ this-' manual and the ^staridaTds' set forth are .on 

' . .-„..•■ t ' ^ V f c>' ■ - - ■ ■ 

. the; prihcipl^is: involved/ in the application of pesticides so 
• as 'to 'not. only -^be effectivjs. but ' safe .for mah and the 
. environments . ; - ^ 

_ Furthjst-inforipation a^nd new, developinentsv will 'be made ^ 

. ■. > -■ . • ■■ ; . . ■ , ■ ■ ■ ■ v.- " • V •'■ . , j • - '• ; ■ ■ 

available to ybu-through the Cooperative Extension Service 
. at /Viliginia VolytecTinic fnstitut and 'State, University . 



: PESTICIDE APPLICATOR ' CERTIFICATION IN VIRGINIA ■ V ' ^i S 

* The first; regulajtiori o£ pesticides came in 1947 with 
enactment of the Federal Insecticide Fungicide and Rodenticide 

••/•.. ■ ^ ^ : ^ ■. . . : " ' • . . ;■• ■ ' . • 

Act ('FIpRA) . Tl|is was primarily a * registration and labelin|[' 
law-. It required registration oy 'all pesticides distributed 
in . interstate commerce and registered .on^y those pes^ticides 
shown to be effective for their intended purpose. A very 

. similar law was'^eriaCted in Virginia one year later, in 1948. 

♦ The first rpal change in the £ederal>law Was brought 
a^out fey Congressional amendments in the form of the "Federal 
Environmental Pesticide Control Act of 1972 Along with the 
many 'Other changes, the amended Federal Law required the 
Administrator of the Environmental Protection Agency - (EPA) - 
to classify all pesticides into either "general use" or 

-"restricted usp-IV cat'ego;Fies . It further requires that after 
October 1977 those pes'tici'des classified for "restricted 
use" may be applied only -by or under the^supervision .^of persgris 
certified as competent to maT^e sych- applications safely . The 
safety considerations apply to both the ap^)licator and the 
environme^. In addition, \he EPA Adininistrsttdr - is required • 
to establish, minimum standards of competejicev which must be 
dem^onstrated by all applicators o£ pesticides classi fied for 
"restricted use." 



These standards establish two classifications for * 
Applicators commercial applicators and private applicators. - 
The commercial applicators wilj for the most part' be .people. 
applying>pesticides for hire while the private applicator 
group will be made up of people applying "I'estricted use".- 
pesticides in the production of. agricultural commondities 
primai^ily farmers.. * ^ 

""Any state choosing to provide kn applicator certification 
program must develop a plan subject to EPA approval. While 
states are not required, to develop such a plan, the consequences 
of. not doing so would be that ''restricte^d use" pesticides 

would hot be .available ^or use in tjiat/ state,. The 1975 ^ 

■ \ ' V' ■ 

session of th^General Assemlbly made it possible for 

Virginia to establish apd iijFiplement such a program, 

< The— amendments to the Virginia Pesticide Law do little . 

more than provide for the minimum standar.ds already established 

by EPA. The policy in Virginia .will be to start with the . V 

minimuin and biil^ld as our experience indicates the^neied. 



These regulations vfill est;ablisn:i 
^i^. Standards for Private ^Applicator Certification , i 

2> Certification options' for private, applicators .\ 
' 3. Methods for 'determining competency ' , . 

4. Standards for application of "res.tricted use pesti- 
> . . "cides by non-'certifie^\applix:ators j 
. 5. Categoi;ies fot Commercia?l!^ Appl'ic ; ! 

6. Standards of certif ic^io^^;^^^ commercial applicators 

7. Record-keeping required fo^ /commercial applicators 

. • 8. Financial r^sponsibj^lity, req,uirements for commercial 
applicators . 

Virginia will adopt thelten (10) commercial applicator 

categories established by Em. Nu^mU^,ten in this .list is 

« ^ ■ ■ 

entitled "Research and Denfonstration, Pest -Control . " 

. " '.,'■''■■■*■ 

All examination, certi'fication^ and' licensing wilt 

. ■ . . ' ■. , • ■ ' ' ' ■ 

be the responsibility of* the Virginia Department of Agriculture 

and Commerce. This will be done in conjunction with the 

training provided and will, be ^administered at the county . 

level. Private applicators (farmers) will inot b^^^equired 

to demonstrate -an exten^sive knowledge of pesticide use 

'and applicatlpn. ' . 



\* It 'should be kept in' mind tha^ certification iis'^iiot 
refquired for all pesticide applicators/ The Virginia plan 

^will pexJnit the applicatipn^oT^estritfted use" pesticides 
,by non-certified applicators provided they are making the / 
'application under the supervision of a certified applicator, . 
This will allow family meinbers-^nd'' employees of the certified 

"gpplicator . tx) raajce suchj appXicat^ / A . 

^. We do not believe^ t\here has* been any widespread ijjisuse * 
of /pesticides in Virginia; however, w^e do believe a meaningful 
training and. certification progstam can and will be quite 
beneficial to all who participate; o ' t> 



'basics of pest management ' 

The dilemma of -produting adequate food for a rapidly 
expanding population while maintaining a clean, >stable 
environment has become, a major iiroblem in recent years, and 
will become a critical one within tTlis decade. Problems 
'of pest contro^.will become- more varie'^nd intense as 
attempts, are madte to increase yield and quality of food and 
^fiber.. If these problems ' are to be met successfully, there 
must be a" change in the concept anci practice of pest control 

The concept, currently held, by large' segments of the 
public, that chemical weapons alond will~^ suffice, is not 

, accisptable. The applicati^pn of pesticides to large acreages 
with little 'or n'o . regard for deleterious side effects can 
no longer be ignored. If pest control is to contribute 
positively to a^ore productive environment-, more attention 
must be focused on the management of pest populations. an€ 
with more cojVce^ for all the organisms' in the environment. 

Pest management invdves the integration of various 
chemical iand non- dhenVical actions with those of the' 

: ecosystem^to lower and regulate pest populations. Success 
depends largely on the d^ree to .whith the in'tegratiofe-^f ^ 
actions is guided by an. understanding of the popula^tion 
dynamics of the pest and the general principles of ecology. 

~The philosophy of pest management is to "manage'' a pest 



population rather than to V^eradicate" it. The objective is 
to combine chemical and non-chemical methods : to maintain ^ / 

a pest population b^lo^ the economic threshold established; 

• ■ . ■ . • ■ • . ■ . *■ ■ •> • ■ ' «. ■ ♦ _ 

for that pest on a certain crop-. 

. (he concepts of "economic threshold" and ''ecojiomic . 
-injury level'* are the corners tctnes of pest management. 
Establishing the Q^onomic threshold for a particular pest 
and crop is the decision of how large a pest population \can 
be allowed to grow before a p^esticide must be applied to 
control crop loss.-' The economic threshold is the density 
at which control meas^ures should be applied^o^ prevent a- 
pes?^ population from reaching th^ economic ,inj ury level .v- 

The economic injury >evel : is the lowest pest, population 

that will cause' economic damage to a crop. Sub-econgmic 

■ ■ ■ • ' * ■ 

^levels* of a pesf population not only do little *harm biiit in 

■ . " J ^ . ■ ■ '■ • .. .. . ... ^ • . ■ V 

some cases may* hav? a beneficial effect, .For example, low 
; popuij^t^ions of alfalfja weevil apparently^stimulate the- 
alfalfa plant physiologically to produce more growth. This 
appears tp cbritmue until the weevil population . gets so 
large the plant can not toTerate it and lo&s occurs 1 The 
point between a ,sub- economic l,eyel th'at may benefit the ^ 
host and^a pop*ulat ion that is. cajusiiig economic: loss , is the 
economic injury level.; ' 



* ■• • > . ♦ ■ 

■ . , • "i ■. 

■ ;, ... ..f^>. 



^. Pest populations can grow'sp rapidly; thi^t .toSfcit- '^^l 
it. to reach the economic injury level before ajy^^ 
control may be .dangerdus . Applying controls ■ at ^ tKe ^ ^ \ 
economic threshold is the best time . ^r': ;/'- ..'^'^y.^j " 
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Some o£ the non-chemfcal methods used in pest management 

plant resistance ^ . 

. insect parasites, and predators . 
insect diseases ^^ 
insect hormones and attractants 
pest scouting programs ' ' 



Plant resistance 
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One o£ the mos,t important contributions to pest control 
during the pre-DDT era was the development o£ pest resistant ^ 
varieties o£ crops. Research on rn^ect-resista;^^ crops is 
still going on. The sutcess o£ this research Is -evident in . 
corn varieties that are resistant to Euroj)ean 'forn boiler, corn^, 
earworm, and corn rootwoMi; with al£al£as tJf^t are resistant 



tb-'aphids, tolerant o£ al£al£a weevil ; an'owTths^a new high- 
^yielding Soybean variety with resistance to the Mexican bean 
beetle, 

^ It usually takes ten or more years to develop acceptablxe ^? 
resistant varieties. Howevjpr , once developed, the resistant 
plant o££ers one o£\tf^e sa£est ajrid most economical ways o£ 
controlling insect pests. 



Insect parasites and predators 

For more than. 80 years ires.earchers in the U. S. have 

■ . . ■ « • . . . . . . / 

been searching £or native b£ foreign parasites and predators 

o£ insects and plant pests. The U.S.D.A. has success£ully 

introduced parasites for the control o£ several scale insects. 



the European corn borer, the gypsy moth, the alfalfa weevil, 
>.and others* 

t.. • •■ ^ . ■ ■ 

\ . Recently, a tiny parasitic wasp was introduced into the . 

U. S. from India to help control the FTexican bean beetle on 

soybeans. After careful study, thousands of these wasps were 

released in eastern U. S. Tl^^wasps attaclr the beetle larvae 

and are a very effective control measure. 

Virginia Tech, in cooperation with the USDA has been 

conducting extensive research on the usq of foreign, and \. 
''native insects to control thistles. After several years of 

.field work, thi^ research is showing signs of success. -The 
. beetles that att»ack the thistle* plants have been released in 

several ^^reas of Virginia. ' . ^ - 

Insect diseases 

^ There are about 1,100 different viruses, bacteria, fungi 

and prototype that. attack insects. However, on a world basis 

only one virus, two'bacteria, and-one fungus are produced 

commercially for insect control. There are many problems 

associated with the mass production and use of these agents. 
■• • .■ - . . • * 

However, the povtential is great, &nd their specif ici'ty is 

.*> ■ » ■ " '. ^ ' ■ 

an important consideration in looking to' their future use. 

One bacterium causes the well-known rAilky disease of the 

Japanese beetle. Another bacterium Bacillus thuringiCTisis -7 

under the. trade name of Dipel, Biotrol or Thuripide-- is 



used. to. control tobacco .budworms and hornworms and is also 

■■■■■■■ • • , \ . . ' . ■ 

effective against the cabbage looper? and imported cabbage 

worm on cole crops. ^ : 

Insect hormones and attractants ^ v- 

Insects :|;^espond to;various chemical substances in 
plants , in their search for food and^f o the.* chemical sex 
attractants produced by the insect for mating^ ' Considerable 
te^earch^ is directed to-the development of natural and 
art^icial attractants for insect detection and Control. 
To date, insect attractants have been most useful for , 
detection purposes. Examples include a number of chemicals 
for Japanese \eetle adults, and disparlure for the gypsy 
jnoth. 

During the last' ten years several insect hormones have 
been synthesized.: Natural synthetic hormonal compounds 
are liow being tested, some bright here at Vijginia Tech, for 

possible commercial production. . v 

■ i . ■■ , . , ■ 

Pest Scouting " 

, Pest scouting programs have been successful in several 

southeastern states , including Virginia. \ People are trained 

to survey or "scout" large acreages of ^^'orops to determine 

the insect, infestation level. .This information coCipled with 

data on tjle economic threshold of . ce^-tain pests can help to 



'reduce the amount orf ijisecticide used while .providing 
adequate pest control at a reasonable cost. ■ 

Virginia Tech has ^developed a pest .scouting program 
for the soybean farmers in eastern .Virginia. The program ^ 

is successful and has been adopted by several large growers,. 

• ■ ' ■ * * " ■ " . • ■ ■ • . 

The concept o£ pest management employs a" wide variety 

of options in devising solutions to pest proMems, ifl^^th • 

>the ' realization thatj any one method or technique may not be 

sufficient to control pest species. For example , several 

of the previously mentioned methods have been combined in 

a Mexican bean beetle control program on soybeans; Res3^t^ant 

varietijgs h&ve been developed, a larval par a,5^t%|ja^ been 

*^ ■ ' ■ . . * . •. 

introduced, a pest-scouting program has been developed, and 

there are several effective inspcticj.des registered for . 

soybeans;. * . , 

■■ •• >: ^ ■ : : , ■■ ; ,/ ■ : ' 

In pest manajgement^ the total complex of pest species * 
of a crop is studied. Rathei^han .^Jj^ying^ to .^^^ 
single species which may causej[>t:^er pests to increase, a 
variety of methods are Used/to prevent explosive outbreaks . 
of pest species. Pest management , therefore , takes into 
account the natural Ij^alance between pest and/.par.asite 
manipulation of host p^ai^ts, protection and encouragisment of 
natural enemies of the pest Xpecies , a cultural and environmental 
management practices that helpVreduce outbreaks o£ pests, and 
the use of chemicals to hold a pest in check without destroying ^ 
i^ enemies. ^ ■ ' " ^ - : ' 



; - ^vsOME EPA REGULATIONS - WHAT THEY MEAN ■ - - 

Three' items involving the use of pesticides by. 

» j'- . ■ ' ■ '• ■• ■ ' ■ ' .' ■ 

■ ■»•" •' ' ■ * " ' . ■* ■ ' " ■ .' ■ ' ■ ■ • '. 

pets oniiel working in this category, will be brought to your 
■ att^ention*. 6b jective^will be to help orient yourselves 

Tegdtding your work '/}■■..: ^ " ' ; 
-y. The; ^fi^rst \item is;^ about, EPA r^fegulations which appeared . 

an:?:^he^ Federal Register ,>Voluine 4Q, #?4^ Wednesday, April 30 ^. 

1975,. titled Part 17:2 ;'^Experiment^l Use Permits." Thert are. 

times in r^searcb^^a^^^^ With pesticides that 

an "Exp^erimental ^Use Permit" will be necessary for you to 

obtain..; • ■ ".V' . ^- ,\ . ' ' .";;5'" ' ' ' ' ■ ■. - 

. P-ursuant^.j;fe>o Section 5 the Federal Insecticide, 
.Fungicide, and Rodenticide Act, and except as herein p>rovided 

■ ■ • ■ . - r • * ' ' 

. . ■ t . , ' . , • 

by 172.3, any person wishing to ac.ciimulate information / v 
necessary to register Ander section 3 of the' Act and the 
regulations "((hereunder (10 .a pesticide not registered with' 
this Agency or (2) a registered pesticide for a use^ not ' 
previlQLjasly approved in the re^istja<tioh of the pesticide may 
apply to the Administrator at any time for an experimental 

use permit . : / 

' ' ^' ■ ■ ^ ■ , . '■■ ■ 

. Pesticides under experimental use permits may not 

be sold or distributed other than through participants and, 

■ . . . ■ ■ ^. 

if sold or drs"ti'xt)nrs>d - through participants , may be used 

pply at* an application site of a cooperator and in accordance 
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with; the * terms -and conditions of the experimental use permit:. 

■ » . • . * • • ■ "■' , 
172,3 Scope of requirement . ^ - 

(a) A substance or Vixture of substances being put - 

through laboratory or- greenhouse tests, or limited replicated 

field trials to confirm /uch tests, or other tests, in which 

the purpose is only to determine its value for pesticide 

purposes or to "determine its toxicity or other properties , 

' and' from which the producer , ^applic^or .ot any other person 

conducting the test does not fexped^, to receive' any benefit 

-■ *■ ... .■ ' - ■ ' ■ ■ ■ ■ . , . ■. ■ • ■ ■ • 

*in pest control ffom its usa, is not considered a pesticide 

• . * * ■ ., ^ . 

within . the meaning of the Act and np experimental use permit 

will be -requir^ed; This purpose will be presumed foT" the 

following types /of tests. 

(1) Land use Tests conducted on a cumulative total 

■ of not* more than. 10 acres ; involving use of a particular 
substance or mixture, of substatices ag particular 
pest, provided that any^ food ot feed crops involvedVin, or 
affected by, such tests (including ^bvit^not, limited to, crops 
subsequently grown on such land which may reasonably be 
expected to contain residues of such substance, mixture) 
shall be destroyed or consumed only by experimental animals ^ 
unless a tolerance or exemption from tolerance has been 
established* ^ , 



(2) Aquatic tise - . Tests^ conducted on a total of not 
more than one surfAce-acre of water * invdij«Jig use of a parti- 
cular substance or inixture\of substances aga/inst a particular 
pest , .provided tha't (i) water? which, are involved in,\vOr 
whi-ch are affected by, such tests Will not be used foir ^r/ 
irrigation purposes, drinkinjg^water sup^ or bx)dy contait . 
recreational activities and (ii) that no such teists may 
conducted in any waters _which contaih.V or which affect, any 
fish, shellfish or other plants.^or animals taken for- recreation 
or commercial purposes and used for food or feed unless a 

..tolerance or exeinption from tolerance has been established*, 

(3) Animal treatments - Tests conducted only' bn\'^ 
experimental anii^ials . No animals may . be. tested if they may 
be used in food or feed unless a tolerance or exemption from 
tolerance has been established. 

• ■ ' . ■■■ * •> ' \ ■ ■ •■ ' ■■ ■ ■ ' . ■ ':' • 

(b) The above examples are hot meant to be^ all inclusive 

. . ■ - ■ ' . ■ ■ ' , ' ■ ' ■ • ■ 

nor to preclude testing in largdr areas or larger numbers 
of -units if the intended use falls within the meaning of 
172.3 (a). Tests which do npt come within the above exainples 
will not be presumed to fail within the meaning of 172 . 3 (a) 
and the pres^lmptipn will be that the test requires an 
.experimental use permit. 

(c) Use. of a registered pesticide in. a test being conducte 
to determine its pesticidal value for a use * not set ff orth 

on the label and jjfliare^the requirements of 172.5 (a). aboVe 

\'* ■ . » 

are ^et shall hot . reqiiir^ an -experimental use permit.. 



^ ('(J) No" experimental lis^e permit is .requi*red for a 
s^ubst.ance ql* m£x^ , substances being put through tests . 

for the sole liurpose of' gathering data required for approval 
of' such substari^ce or. jmLxtur.e under the 'Federal . Food , , Dr.ug , 
and Cosmetic Act (il U.S.G. 301)" as: . • . * " ' •;• 

: (!)■ A ''new Dr'iiJ';' . ' . : ■■ 

(2.) A /'new'animal-:/drug'- ^ ^^',-/\ . 

, (3) An "aninial feed" containing 'a"n(^W animal dtug'^ 

• . " ' «. ' ' ' »■■»"-•■ 

Partagraph (dj of this sect ion shall not apply wheh^ a 

• . " ' ' .. . . * . ■ ■ * 

purpose of such test is to accumulate, information necessary 

. ' / ' ' ■ I ' ■ . ■ 

to register a pesticide under section 3 of the Act. 

■■■ i 4" ■ \ :. ^ \:' 

r The second item is .an EPA Pesticide Enforcemen^t Policy 
•Statement No.., 1 titled "Use of Registered Pesticides at 
Less than Label Dosage Rate" which appeared in'. the Federal 
Register"', ^ Volume 40, No. 87, Mbndiay, May 5 ,*1975. 

y- The Agency has determined th^t an applicatioti or use oif 

) . ' • r . ■■ ■ . '■ ■ ■ - ■ * .. . . ■ . i - ■ ' ' 

a registered p(2st*icide at a lower dosage rate than that 
' recommended on the accepted label will be permitted if such. 

:^ application or use (a) is recommended in writing by a 

. . ■ ■ . , . • > ■ _ . ■.■'.*' ..." 

knowledgeable expert , (b) is efficacious against the target 

/ pest, and has jynly beneficial effecrS to man and the 

environment, (c) is performed in accordance with all other 

dabel instructions and precautions , and (d) is not repeated . 

at the low dosage rate so frequently as to result in a total 

pesticide dosage higher than that specified on the approved 

' label. : 
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; /.This^ statement shall apply to the 'folloitrtng 

areas V£ pesticide Agricultur^il pest control, animal" , 

peisf ;G0nt^^ £oTe>t pest control, rigit-b£-Way pest pontrol, 
ornament3(^l.,; and, tu pe.st control , seed treatment , aqoiitic 
p«sV.;Cpriti(yl/ indu^ structural and- . 

* heal'th -related pest coritrol^^ public healtlj, pest control , ' 
mosqui-fo pontToJV^ t pest control ,: and, demonstration . 

and tfeyearch pest control. Notwithstanding the aboveV thel. 
appl reaction or use at a lesser dosiage rate af a rbdenticide'^'-' 
termite control product o*r antimicrobial ageiit^^ a3 a- 
disinfectant or saaitizex under any circumstanitivi''''^ C 
is pfo^ibited ,: All of the limiting and defining proyi^ 

contained in the paragraphs which follow are\ an integral- 

,■»••. - ■ '» .. ■ 

part of this policy statement: ; 

Applicability of the Pesticide Enforcement Po:t^cy Statement . 
Regarding^ Lesser Dosages - Recommen dation ot Knowledgeable 
Jsxpert / > • - \ ^ ■ ■ ^"TT — . ■ • — — : 

. A'P^sticide applicator ot user may apply a tegist^ered^ . . . 
pestidl^e at a dasage rate less than that which ap^iears' on 
the accepted-^abel only if the applicatidn^d^r use is 
.'recommended- in writing as safe and efficacious by a. -recognized' 
expfert ;n pest control practi-ces. This recommendation may 
be made in a general statement /or published document issued 
by ah appropriate State . or Federal official or as pkrt of a, 
program developed by an independent and^qualif ied pest 
management specialist. This written recommendation must be 
in the possession of the applicator or user prior to the \ \ 
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application or use ^ and. must be madis available; to an- official 
representative of the Agency lipori' request V . 
. Recognized a^^ in ^t^ field of pest control* are 

oft'feji em^^^ isuch as State Cooperative 

J^xtension Services , ..Fede^^^ or State depii£iJDents. or agencies , 
S^taje ^d. Federal Public Health Services , Independent pest'' 
%anagem.^^:$ specialists 'and pest management consultants are 
afso considered to be competent to offer advice regardingr 
dosage rates which will be safe :^nd efficacious in particular 
environmental circumstances.. These recommendations, may be 
made through current . scientific journals , -textbooks , manuals, 
technical bulletins or by specific written instruction? from 
a -qualified person to the individual\ - ^- ■ 

Responsibility for^the safe and efficacious use.;.i^^^^ 
pesticide and for full compliance wi,th^the terms of this 
Pesticide Enforcement Policy Statement: rtiay , rest with either 
the user or the recommending expert, Or both, as the? equities 
of the circumstance may require. It must be recognized, 
however, that the Agency has neither assessed nor approved 
the efficacy of the pesticide application or us.e .at a lower, 
dosage rate. V 
Product Efficacy and Harmful Effects 

The Agency will construe any application^r use at less 
than the label .dosage which his inefficacious or whi-ch is 
in any way harmful to man or the' environment to be a use^ 



inconsistent. With .the labeling^ as prohi-bited in the Act • - 

Enforcement action will be taken on a c^se-by-case basis/ ^ 

for such violators where repeated abuse of this policy or ♦ 

♦■ . _ ■ f " 

continued harin, to man or the.environmeilt has occurred, 

fin application or use is inef ficiacious if it res^uli 

in the control of su bstant ially fewer pests than is/normally 

; associated with pesticide use in/ coViparable environmental 

circumstances or than is intended* . The effiqaey of any , 

particular pesticide application or use may .depend upon^ 

the genetic composition of the target pest, pest population : 

dynamics , •environmental;- circ^ .geographic and climatic 

f actors , . and-; the: piresence p'f beheficial insects or other ^ 

organisms. ; , ' .> 

Directions for Uke and Other Precautionary Lab'^ling 

• Acceptability of a lesser dosage rate" in ho way alters or 

irtodifies. any other label provision or direction for use. Label 

provisions which must be complied with at all times (regardless 

of the application dosage rate) include but are not limited' 

to statements regarding pro^diict mixing , loading' and preparation 

application methods^ re-entry standards protective clothing, or 

*■ • -■».'■/• ■ ■ 1^ ' ■■ • , . ■ - ' 

equipment , product and container transportation, -storage , and 

• '^Ij^ ' • • ■ ■ * * • * 

dispQsal,; warn%g statements^. and the minimum appl 

interval before** harvest. * s 



No label ins t ruction which affirmativeiv. ' prohibits ' use ■ 
of a lesser dosage may be violated. A pesticide application 
•at a, dosage rate which contradicts a specific label minimum ;^ 
dosage rate - will be considered to be a violation, of ^ the Act. 
' , While dosage rates less, than the label level^ are ^^ \ 
considered acceptable, any application or use of any registered 
pesticide at- a dosage rate above the label .level is strictly 
prohibited and will subject-the user to criminal" or civil , 
penalties-.; In s|.tuations where target pests^j^ no longer 
be controlled with label recommended .levels because- of pest - 
resistance or other reason^, i'ti will be necessary for the 
registrant to petition thejAg^cy for an appropriate 
amendment of the registered labeling. This action is. 
necessary (1) to ensure that proposed increases in li^el "' 
dosages are .]^roper;Ly evaluated, ii) respect to human or ■ 
environmental hazards as required by the amended F I FRA oi: 
(2). to del-ermine if , the prop o^d actions may violate tolerance 
regulations for food or feed crops (established under authority 
of the Federal, :5ood, Drug and Cosmetic Act (FFDCA) . 
Total Pesticide Dosage ' 

^ Thp policy which allows the use bfy lesser dosages injno 
way permits the application or use (by frequent or repeated 
applicktionis) of a greater total quantity, of. pesticide within 
a period of time, where specif i-ed oji the approved label . 



. Th«vthii:d item is about EPA policy con '. ; 

mixes and serial applications . ' . - ^ ' 

- \ : Pesticide Regulator 73-1 indicates there have 

been ma.hy questions ra to tank mixes . 

(combinations of two or mo,re pesticides in the spray tank ' 
,. at -time of . application) iaijid serial application- ^ ^ 
, ■ pesticide immediately orfshortly followj.ng. the application 

of another,- as the" practices relate to use inconsistent 
' with the label. . : . - ' 

Tahk mixes' and serial applications; may :|all into one . i 
o£ several categories: ' ^ . 

Categary 1. Instructions provided for such' use on 
one or more labels o£ EPA registered 
• products; 

Category 2.. Such use may be covered by an intra-st.ate 

registration.' ^ ' ' ' 4 

Category 3. Various tank mixes and serial applications 
. have been test0d and recommended by 
/ " ., vAgfficultural Experilnent :^tation 

Departments o£ Agricul^ture or are common : ' 
agricultiiral practices. '. 
Tank -mixes or . serial: applications recommended on "EPA labels 
... (Category 1) are obviously" consistent with the label and 'do not , 
Aconstitut'e iase inconsistent with such label . 
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Tajnk mixes and sefi'ai appications, registered a State 

■ • • ■ . . •■ • ' ' . • ' •* ■ . " • •■ , . ' • 

XCate^ory' 2) will .not be deemed. u inconsisteht with tile 
label ■-'-i-" ■ ■ ., ■ ' ' 



:fra 



Finally, ^the legislative history of tiie. amen.deti FI] 
. clearly shows that the Congress intended EP^ to- apply, thy . 
test cff .t^easonabi'lity iri\enforcing misuse provisions; . From ' ' 
'this:*point of view, during , a tr.ansi,tional period •.while ■parties 
adjust to the new law, tank mixes and sei-i al/appli cat ions iW. 
Category 3 will not be- deei^ed use inconsistent wi^ih the' l>be'i 

if: ^ .:■ . ■ . , ■■' ■■• ;•. . ■ . 

(a) the products, in .the mix efre applied at a dosage fate 
' ' not to exceed the label instructions foT use of any 

v ' product in tlys mix "\ised^ singly for -the. same set pf pests 

. '■ , . ■ ■ ■ ■■ , ■ ■ ' ■. ' ■ . 

, . . on ^ the, same crop ; and '. • » ' ■ .' 

■ , (b) the label on one. or more of the products does' not . 

; " expliciltly instruct against such .mixture. 

' ■ ' ■ . ■ . ..... , ■ ■ , . ... 1 ■ ' . . ■ 

It must be Recognized; undet .Categories 2 and ^,3 , ; that EPA 

has not reviewed ^ny efficacy or human and environmental safety 

data pn the cfombiit^tion of products and the user applies them 

in this manner at '"fiis o'wn risk with respect to effects on crops ' 

arfe application equipment , applicator isafety, environmental 

effects and tolerance, pre-harvest intervals. The policy of " ; 

deeming su|;h use not incbrisistent with the label, must not be :. 

construed a^ EPA appro>/-al of fhe, use . 



I£ adverse effects are observed rom any particular tank 
mix 01 serial application, EPA may take appropriate action 
to rule the use of such specific mix or serial application 
to be inconsistent with label instructions on a c^se-^by-case 
basis. The Agency. will be watchful for any adverse effects 
that might accrue from any of above methods of application- 

The first item, • "Experimental Use P:€i,rmit^'' will place a 

new wrinkle for those obtaining research and^ development data 

and for those using such pesticides in demonstration efforts. 

Those persons who recommend in writing the use of registered 

pesticides at less than label dosage tates , pesticides combined 

• • '.*■"■'. 
in tank mixei or serial applications of pesticides now can 

evaluate their own role in these matters./ The user has the 

initial responsibility , however , if he^points to you, will 

^ ■ . '. ■ ■ ■ . . _ . ■ 

you be able to justify youir -actions? 



* 

GUIDELINES FOR MINIMIZING , PESTICIDE POLLUTION 
When P esticides j|||co!ne Pollutants 



Pesticides, when properly used, are tool^s. When they 
move o££ target or are otTaerwisef misused, they become ' ^ 
pollutants. They would' not be much o£ a problem i£ they 
stayed where applied but the widespread distribution o£ 
DDT and similar compounds demonstrates that many pesticides 
do not remain where applied and do remian in the ".environment 
£or relatively long periods o£ time. 

Pesticides become particularly injportant as pollutants 
when^ they move into water and cause either immediate toxicity 
to organisms prese^ or, more seriously , are o£ a persistent 
and\ accumulative natui-e and move into the food chain where 



they\upset the normal life cycle of organisms ; in such ways 
as destroying reproductive capacity, making the organism . 

more vulnerable to predators by slowing theescape mechanism, 

. ■ . ■ ■ '\ ■' ^ ■ . ■ ■ ■ 

or >ven by acutely poisoning the predator at the end of the 

\, / 
food chain. J 

But areas other than water are also subject to pesticide 

contamination. When Sevin is sprayed on a field where bees 

are foraging on weed-blossoms, the bee^seeper considers it 

a pollutOTit. When 2,4-D drifts from the highway to Injure 

or kill grapes, it is a pollutant. And the lindane illegally 

used to treat dairy cows becomes a pollutant wh*en it shows 

Sp in the milk. 

■ ■ ■ • • V . ■ . ■ 



How Pesticides Move Off Target 

Pesticides may drift away from the target . Many factors 
contribute; some physical, some climatic. The smalleT the 
spray droplpt, the further it will drift. And, obviously, - 
the stronger the wind, the greater the drift. ' , 

The choice of pesticides influences drift damage. from 
toxicity, phytotoxicity , illegal^^^residues , and volatilization. 
Choice of the proper formula^tion willx^^uce drift as will * 
use of thickeners. And choosing the right machinery for a " 
particular j.bb is most important. 

^ Pesticides adhere tightly to soil particles . ^ Consequently , 
any type of erosion runoff or sheet erosion, or wind 
erosion transports the pesticides along with the soil 
particles. Conversely, cultur'al practices that prevent . 4fi 

soil erosion also prevent pesticide movement and ^pollution. 

Because of the tight adsorption to soil particles, ^ 
leaching into ground^water is not a particularly significant c\ ; 
means of pesticide transport and contamination. 

Pesticide^ residues on foods , J)oth illegal and within 

tolerance limits", may be further distributed by humans 

*■ ■ * , . ■/ . ■ . ' . _ ■ " 

and animals who consume the food^ and excrete the pesticide 

either directly or as a contaminant of meat, eggs, or milk. 

' ■ ''^'^--^ — -is* \ . ■ ■ 




Poor choice of a pesticide fc^r a given problem 
increases pollution. In most cases a short-lived, biologically 
degradable, non- accumulative compound^ may be substituted 
for >a persistent , accumulative , envi^ronmentally dangerous 
comp<yund. The use of DDT for a mosquito larvicide over the 
highly active modern biodegradable larvicides would be a 
bad choice, even if it wer^ not now illegal. 

The careless operator hurts himself, his customers , and 
his environment through poor 'location of sprayer filling 
stations , slipshod tank filling procedures ,» insufficient 
mechanical safeguards against contamination, accidental 
spills, and poor disposal of . left-over mixed spray, surplus 
pesticides, and used containers. Poor operational procedures 
and misuses are probably the greatest contributors to pesticide 
pollution. , 

Being aware of these sources, of pollution one then should 
be able come up with practical solutions based on existing 
methods andlmaterials which will gr^^^tly^ ^ 

contribution of agriculture, and ot^r users, to pesticide • 

«'Pollution'U)f our eilvironment. The, ^^pl lowing are some 

J ■ " ■■' ■ '-f^' 

practigaJr considerations . Those presented are by no means 

■ ••■ ' 
complete, but are given as examples and to fStimulate 

further , preventative practices . ^ . 



/ 



A Checklist for Practical SolutiOHs to Pesticide Pollution 



I. Is the treatment necessary? First make sure you have 
a control problem. Many urban or suburban applications 
-are not necessary. 

A. For example, oak leaf s^eletonizer occurs late in 
summer when leaves are soon conu..ng o££ anyway, so > 
little is gained by spraying. 

B. ' In agriculture, is the pest numerous enough to cause 
> /^economic damage? Will the_^ncreased product ion. pay 

for the cost of treatment? What are the alternate/ 

methods of control? Maybe the applitatiori should 

' . • ■ ' ; . ■ .. • 15^; 

not be made . , , 

C. -Will crop rotation ox other cultural practices 
solve the problem?^ 

II. If treatment is necessary 

A. " Consider other problems . beside control sensitive 

crops, stre§ims, people, houses, bees. 

B. Consider public relations --an informed public 
. is more cooperative. Be as inconspicuous as 

possible . 



i ■ 



ERIC 



26 



OX 



steps, that reduce pesticide pollution ' 
A. Prevent drift . ' . ' ' 

t The smaller the droplet and the greater the wind, •-• 
■ the furth.^r the pesticide will driftC 
1. Plan the«a farm or fields layout . 

a* Consider prevailing winds to minimi 2(? difift 
b . Lengthen fields ,,, lower hedgerows, .remove 
obstructions. / 

Reduces turn arounds and overlapping 
af pesticides . 

. >• - ' J ' ■■■■■ .-■ ■ ■ 

' Allows agricultural aircraft to remain 
^ . low, minimizing drift . 
c. Consider crop pesticide requirements. 
- - P'l-ant the crops; which w?.ll requiijie 
little or no pesticide use nearest 
sensitive areas --houses and farm 
* ^ buildings, poinds and streams, bee 

yards, pastures and forage crops.: ^ 

. ; ^ ■ ■ ' ■ . ... . 

Leave buffer areas such as cropsjiot - 

■ * ■ •. . ' *■ 

requiring treatment or requiring only _^ 

^gafer materials , or.. leave hedgerows 

between crops and sensitive areas. 

' ' . ' • ■ ■ * ■ . ■ ■ ■ ■ . . " , 

Th.e border rows of a crop can be 

treated with safer mater ials. 



Where possible avoid planting crops 
with high' pesticide requirements 
adjacent to or close upwind from crops that 
are sensitive either from phytotoxicity or 
residue standpoint. For examples, if 
2,4-D is to be used on corn, do not plant <^ 
beans or tomatoes adjacent/ • . ; 

d. Do not place pastures nfext to crops requiring 
several pesticide applications such as 

. fresh marl(:et sweet corn or an orchard. 

■ ' . ■ . ^? ' • " 

Choose .equipment that will minimize drift. . ' 
a. Ground equipment slower, but lessychance 

of drift than aerial equipment . . 

Bo^om equipment ' . . 

pse lower pressures and spray' discs 

\:with larger orifices to increase droplet 

' , ■ ' • • ■ ■ ■ ' ■ ■ • ^ 

size . 

Choose best type of nozzle. Hollow 

cone nozzles produce more fine droplets 

* ' ' ... . " 

than flat fan nozz-les. 

Keep booms mounted as low as possible 

to reduce wind effects. ' Use closer » 

nozzle spacing and wider fan angles. 

, Position boom to give larger droplets %p 

as ground speed increases. 



Tilted forward gives finer droplets. 
Tilted backward gives larger droplets. ✓ 
T- Be sure nvachineiy is. properly calibrated ^ 
A " not/overdosing. 

Airblast equipment --more chance o£ drift 
than with boom equipment. 
/ Determine effective swath width and 

,\ ^ calibrate. Lay out field accordingly. 

' -- Operate, in little or no wind. ' Not . ' 

only will wind cause drift, but it 

' ' ' ■ . - , ■" • 

will distort the swath pattern. o 
Ghoose time to operate when drift is 
away from sensitive areas. ; l 
/. r.' -- Position nozzles to give larger droplets. 

Facing into air blast gives finest 
V ' ' droplets. . ' 

Directed with air blast gives coarsest > 
droplets./' - . ;^ 
- • --Lower pump pressures give larger droplets. 

When spraying near sensitive areas be. 

■ . v ■ ■ ' • • ■ * " " . ■ . , ■ • . • ' * . . ■ 

sure airblast is directed away^ \ 

* ■ . ■ . ■ . ■ . ■. • ■ " y y\ ■ . , 

_ b. Aerial equipment will get the job-done 

quickly and ecoriomic£^ly taking advaritage 
of Eest weather conditions i.. ^ 



Use higher dosages per acire, larger 
droplets. U?tra.low volume .will increase 
chances of drift. , - 
Mount nozzles away from wing tip so 
that spray is not sucked into vortices*. 
Solid cone or fan nozzles foWliir-^^^^^ 

drops than hollow cones. ( 

■ ■ --^ ■ ■ • • 

Position boom to give larger droplets . 

Tilted slightly forward gives 

finest droplets. 

Tilted' backward 40 to 90°^^ive,s. 

coarsest droplets. 
Use low„er pump pressures for larger 
droplets. 

Be sure your shut-off is positive 
no dribbling in turn3^:lfsQ positive 
shut-off nozzles ' 
Consi4eT ri?w machinery such as 
controlled droplet size' bopmsy 
controlled porosity spray, Heads , foam 
forming nozzles. 
Fly as low and slow as possible 
consistent with good spray technique . 



Fl^y downwind from sensitive areas 
if you must £ly upwind from sensitive 
areas, fly with the wind or into it. 
Arrange swaths at right angles, not 
parallel to streams. . 
Choose the r|ght..,pesticide and formulation V 
to minimize qrift problems. ^ / 

a. Use the safer chemical accordi^ to the 

circumstances. Examples: , 

■ ' ■ '" ' ( ■ * 

If treating for alfalfa Weevil : 
Parathion is generally less 
' toxic to fish than malathiori, , 

but much more toxic to humans. 

Doe'<i' the alfalfa fi§ld bt>rdei^ 

■ :■ " ■ . ' ' ; ; ■ 

a stream or is it near a house? 

Are fences tight? Will cattle . . 

" break in? : If there is a chance 

of this, don't use parathj.on. 

If the' aif aifa^'is^ w^edy and 

dandelions are in bloom and 

attracti^.ng bees, Sevin'is a pooif'^ 

* • ■ ■ . ■ . ■ ' " ' ■ ' ' ■ 
. , ^:,ehoice'.. . . \- 

If beans or tomatoes or other sensitive 

crops must be planted adjacent to 




corn use atrazine rather than 2^4-D. 
But remember, high doses of atrazine 
may injure sensitive crops planted', 
the f6llowing yeajr, i- e. baXs, 



A' 



alf alfaj' vegetables . • ...i-* - 

Choose the ri^ght formulation. 
:\ . Sprays ' dri*ft less than dusts. / 

Granules drift less than sprays . 

. ' , ■ ■ ' . . > . . ■ ■ * 

,/ Thitkeners or additives may be needed;? 

. and U6ed under some conditlpns such ' 

asv'ipcrwer line ihaijitenancd, roa^ide " 

. spraying, etc. . ;. 

Do the j ob at. t^ 

a. When weather conditions are right. 

. ■ . I' .t. ■ . '■ . . ■ ' 

; 7 " Low^wind'i^ away . from sens it i^ve areas. 

' ; - - Rain not Vexpeii^ffe^;^ \ . { ./.^ i 

'^'fa. Bees 'riot foraging night or eari^y -^^^ 



morning. ^ > 
Allow PC r sufficient harvest iritervi'ls ' 
to avoid '/tesidi^eS. . ' • 



■i d. Allow forVpu^f ficie applic^aftjli?^ 

" ■ ■■ ■' . '0,■^:•^';^ '■ 

and time i^'>rker^ have to be in the field. v:!/" ' 

■ ■• . ■;• '^•■#1^^^ ■ - ' - ; ■■-•'^'^ 

Prevent' Erosion > • w 

Pe^^ticides ride alon^/p^^^ p'^rticles . . • ' ' , 

1. Cultivate with the contour , not across, it 



2, Alternate .^Ult'iv^ted ^cr such- as corn with, 
others such as *bats , alfalfa. Leave sod buffer 
■.Is^^^jreti , settling ponds, or dikes betw'^en . cultivated 



crops and stream. Other things being equal', 
there is vei^y little pesticide run-off from 
orchards with a sod floojf*, 



3. Plan location of *ftigh pestlcabde reijijiirement 
....'f^crops with topography in mind. Don't plant 
^../^isuch crops where farm ponds potable Water 
suppiiie^.;^^^^^^^^ are furtHer down the drainage 

syst^iiiiju^ir. . ' .^^^'^-.^^- ^^ . 

^^revent Transport of PeSticic^^s as Illegal or ^ 

. ■ . " " ' ■ ' ■ . 

Persisteiijtli^Residues on Foods 

■ • ■ \ ■•' ■ ■• ' 

1. Use iSiijlj-pesticides only as labeled paying . 



' attenti6n\.tfo dosages, limitations, and .^■>yf~? ^ 
making sure' that thfe use ip. tended is dn the 

• label.- ; ^ V . ' •• 

Choose Safest^'-'l^l^ticide to be Used Under Circumstances 

■■ .. ., ^. ■ 

Iw Points to consider'i'/- y.r^yv,-. y 

a. ^hytotoxicity will it hurt tK;e;^;ij^ 

if. overdosed?; is its compatibility 

with other pesticides used? 

b. Legal residfl!6)S' will the^^^^^ drift 

' 1 . ■ ■■ ■ '' . ■* . ■ ' ■' . 

from target crop to cause ;jjllegal residue 

. . ■■■■ ■ ■' . " ■ ■ ■■ ■ ; ■ ' ■ .B^^'-v 

'>,V'^ crop, or in meat or milk? 



pv;^ i?e^:$istence >- isv^the pesticide one whichV • :. 
;.V:^\>rri-JX^^^^ in the environment , and either ' !^ 

y-:' - ^^:C(^^ or be damaging to- 

. ; ; ) follpwijfi^ '''' > _ - ^ , 

^V^^^ee^^ .. 
v.^.v pesticide of loi^^Kefe. 

taxicit)r^aT?^^ application^ when 'b'ee^^^ 

are not pirfes^nt. '-^^ . ' ' , 

' • 'I. ,'ti . ' , 

e. Fish toxici'ty if di^ainage or .erosion ' 
'1 i^: ? ^ threateriis-: nearby waters , choose pesticides ^ 
|'jf| : , having low toxicity to fish. ■ k 

-i^ . . fpv.t^^n^an and dome ^ animal toxigity if '•vv^^ 
I I ; v.Vl'Ocate houses or building or water • 

fty.f g. Effects of drift or y^tatilf;tyv- will 

|irift from the target crop to harm 

tive , crops? VFo^I smell i.n.g;.pest ifeiilei?- 

, driaw :^tt^tion and criticism. .ifi?* 1 

h. j^Effect 05 wildlife from use of persistent, 

vi^f; :" ' V.' accumulative cfti;i|micials cost should not' ' 
■ " ■ • •> ■ ■ ■ , ■ , . ■ .. _ ' •• 

X.^::y. :be the most important factor . DonVt use 

. ^: i accumulative pesticides as "iqua larvxcides. 

. V . When there is a choice u^e the le^^st^er- . 

■ v-''''^S'-V' s.istent chemicals.. ■ ' /■^''''^'-^^../'^A'^^f : 




:,B ♦ Use Godd Operatij^nai^ 



Fiil;j.ng- the^tjaiik ^:::rq^^^^^ 




''. ^■.'""'.^•■f.■•i^■« 



source' of^jy^sticide pollution, 
a,. Locate and ^construct filling^Sta^^^ 



properly 



;^ or creek^^biiAk" ^ 



surface draimage;^.ii5?^^ 
' .watei^^5:tSV|)pe ; •■ ^ . » ■ ' : .> .-. 

Or.vith established stationi:> 
Regrade to change slope and -drainage 
away frdln water source. ' 
Const lijfct an. apron and sump to catch 
overflow a;i^ drainage for sasfe disposal 

lJid proper/tahk^filldh equipmen»t/ ; • 
Use separjaie pump for filling where 
/possiiblej;:'^^^^ 

- - . Ins taH ^^bh^ yalvefs on intake hose 
to prevent back^^ptLoning - from sprayer 
tank,/partici4lkrly,ii,f the same pump 
is used for both s^lraying ajld filling. 

--Suspend. filler hose from pump so that 
there^ is a space 'betwe^^^^ end of hose 

^nd'sufface spray mix in full tank 

^ .-. V. ' •■ ^ ■■ ■ -A ■ ■ . ■ , ',■ ■ : . . " . 

; to prevent back siphoning. 
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^ c. Use good filling technique.. 

■ . • : Stay with sprayer while filling. 

; Don't let it run over while your. back 

• is' turned. . / 5^^l:'?t^^V^^^ 

, ' ' ■ "'^ '1* '. v.: ' ' "^V, .,7 

Protect yourself with prop'er^^Jj^i^ar aS^ 
^ instructed by the label. *:' V 

Use minimum amou!it of pesticide 
necessary. The label w.d4-il' give you 
.the range. Follow reC>oiftmendations 
; »i more won't work betted'; ..'i-.vf 

Before adding the pesticide, make a' 
final check. Is the intended"^ use specified 



t^?r;>>.:^^ the lab Is the wind stiir dofc 



■Jyi^ . .fe ■ Ar e o the r con di t i ons still f avo r abti^^?^?' 



Account for all empty pesticide 

i ■ ' ■ ■ .. * ■ • ■ . •■■ 

containers and taK^: them back to your 
, storage. Don' t Ifeave them ori;' the bank 

•to fall in the water. > 

*, • ' ■' > ' 

d. Use jgood application techriiqiie^ . 

• ■ V;: . •■ ^ W^^^' \ / 

ySe required protective gear (see label). 
*■ ■ ■ , ' . ■ ' * 

^ Investigate filtered air equipment 

helmets , trsrctot cabs, agricultural ^^••^ 

aircraft cockpits. Have water and 
•* . , • ■ ' 

commercial hai>dcleaner on the sprayer 



- J" 



in: fca^e/pf' acci contact^-with spray 

CHeck constantly for drift, overdosing, 
unauthbriz'e^^ area, 
other poor conditions. Stop spraying- 

i£ necessary. ^ . ; 

• ■ t 

- Have alternate areas available to • 

• • • . 

treat in casj& you have spray left ' 

» • • 

over. Do not leave puddle$ of spray ; 
mix or dump indiscriminately, 



Adapted from the Cornell Fact Sheet #4-86, Dated 
June 7, 1971, by J. E. Dewey and R. F. Pendleton 
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AGRICULTURAL SPRAY ADJUVANTS 
The discovery, a few short years ago, that spectacular 
imp^rovement in the perfoTmance of many foliaga applied ' ' 
heTbi,cides was possible when certain surfactantA we're 
included in the spray solution, fi^yrmly established at least 
one role of the agricultural spray adjuvant- in improving 
the efficiency of pesticide chemicals . . 

Since then, we have been besieged by a whole gamut 
of surfactants and other additives, of varying effectiveness, 
from which the investigator, applicator , or grower must 
choose the proper product for his ^particular ^application. 

" It is from this tnass of confusion over what surfactants 
are, what adjuvants are, and which one do' ybu use when and^-^ 
where, that we must, try to provide some order and under- 
-standing. 

It is particularly timely -now with avid public interest 

in, and Federal scrutiny of ,; chemical usage and its relation- 

••* . , . . " . , . . ... 

ship to the environment, providing additional pressure to 

in\prove our efficiency in the use of agricultural chemicals. 

The remainder of this discussion will be. presented 

to include definitions, function? of spray^ adjuvants , and 

a product list of adjuVants suitable for providing these 

functions. ."-r-^ 



DEFINITIONS: 
Adjuvant 

The dictionary defines "adjuvant" as a "substafncfes 
added to^ a pre»scription^jtp aid the operation of the main 
ingredient." A spray adjuvant performs this function ip" 
the application of an agricultural" chemical . An effective 
spray adjuvant may be formulated to contain one or more 
surfactants, solvents or co-solvents, sol^bilizers , buffering 
agents, film formers , and other components to provide the 

properties listed under "Functions." 

■ ■ * • ■ ■ .'■ ' ■* . . ■ 

Surfactant 

A surfactant is a "surface active ^gent," Its 
primary function is that of a wetting agent or as a 
component of an emulsifier or a spray adjuvant. Some 
surfactants have been used 'successfully to enhance herbicidal 
activity. * . p 

Ions • 

. • ' • ' ■ • ■ . .■ ' • ■■ • ' ■ 

Many water-soluble materials , when dissolved in water, 

split apart into electrically xharged atoms or' groups of - 

atoms called ions, The ions with the negative charge are 

called anions and those with the positive charge are cations. 




Anionic 

THl^^surfactants, whose negatively charged io'n provides 
the Surface active properties, are called anion- active, or 
• anionic. ' ': ■ ' ' ' .. . ' ■ ' .* z'*^- 

e.g. Sodium'*' (lauryl sulfate)" 'i . 

Cat ionic •. •;; .„.. 

ThoSe surfactants whole positively ctia<rg0^^ iori^ provides 
tlfe surface active properties, are called AG^iU^h-^^^^ or 
caltionic. \ . . . ^ 

e.gv;,VGpco amine)"*" acetate^ ' ^^^^^ V^^ V., 

Nonionic*; ..^^.W,, ^ . v^i*:- / ..-■v'' . .i.- • • -i/- .'^-v'V- •->•• - . 



*-'^S; thiet^^j^*!^ , noMbftic '{surfactants do not 

ionize^'in water and are therefore,* non-ion adtive or nonionic. 

: . . . . .. ■.■ : ■ ■ ■. . .... . ■ ■■ 

e.g. ethylene glycol, alcohol, al.kylarylpoly ('ethylene 
oxy) ethanol r 



Functions of Spray Adjuvants . : 

A spray solution' may have one or more q£ . the following^ 
^functions to perform in order to provide a sate and effective 
" application: ^ \ 

1. Wetting of foliage and/or pest. . . 

2. Modifying rate of evaporation of spray. 

3. Improving weatherability of spray deposit. ; 

4. Enhancing penetration and translocation. 

5. Adjusting pH of spray solution and deposit, 
i. prolong life of alkaline sensitive pesticides 
b. reduce re-entry^time following application 

of hazardous chemicals 

6. Improving uniformity of deposit. 

7. Improving compatibility of mixtures . 
, Providing safety to the treated crop. 

9. Reducing the drift hazard. 
10. Comiplying with FDA requirements. 

The following brief discussion of each of the above 
ten points may be helpful in clarifying the many functions 
performed by the proper spray adjuvant. 

1. Wetting of foliage ^nd/oj pest . 

Adec^uate wetting is required to provide good 
retention and coverage of spray solution. A 
, suitable surf actant , at the proper concentration, 




will normally suffice , althdugh^-'certain plants 
and pests may have special requirements. ^ 
2 . * Modifying rate of evaporation of spray 

The need for reducing the rate of e\^aporation of 
a spray solution applied at two to three gallons 
i per acre in a hot . dry area is obviou?.,-'" :The need, 
■^ %6vfeveT , may be equally great in the application 
gv^. '^if a concentrate spray in an orchard. Once the 
^^|;&^!ray desirable to 

. haVei the spray dry as rapidly, as -possible. Both 
functions can be performed by a proper 
adjuvant . - 



Improving weatherab.ility of spray dep^^it ^ 
Resistance to heavy dews, rainfa!tl:^v^?£(to^ 



irrigation cai^^mean the differeri;q;je; betii^:^^^^^^^^^^^ 
successful control and failure o£ a fungicide^^ 



ication, for examplg^ 



'fS'-i-'-'.; 



!*.4. • ; Enhancing penetration and trans loca'tlcfn" 

chemicals perform most effectively when ^ 
they have been absorbed by the plant and 
transported to areas other than the point of 

•'Systemic** pesticides have this ability. 

e enhanced and certain 

■ ' J- . 

can be made to penetrate 



■;' I'^-^^^J. '^i V 'It Van sport 

uA Thi^lt absorption cany^ 

'V:\'^'X'':.\^^^ chemicals 



i. h\ 



plant cuticlps throiigh the use of 'a suitable 
adjuvant* - / ? ' j 

Translocation is included as p art of the systemic 
performance ^althou^h I'm aware of no documented 
evidence to show tihat translocation is enhanced 
through the use o± ah adjuvant. 
Adjusting pH spra^ solution and deposit 

a. ,- M^^^ currently used pesticides (primarily 

organic phosphates and some carbfamate^l^^l^ 
degrade rapidly under even mildly alkaline 
conditions, found in, some natural waters and 
on certain leaf surfaces. Buffering adjuvants 
can prolong the effective life pf alkaline 
sensitive chemicals under these conditions, 

b. . Experiment ai^ aaj uTants are currently under 

,tWt fol^^t re-entry time following 

application of highly toxic pesticides. 

. Improving uniformity of deposit 

It is almost axiomatic that, with non-systei%ic 

; ..J..' ■ ^ 

pesticides, the quality of performance of a ^ 

pesticide can be no better than the qiial'^^ty 

of the spray deposit. This is partifeul%^^^ 

true of most fungicides which recjuire cbmjjplete 

and unifofrh coverage. 



With the savings in labor costs to be obtained . 
from doing more than one job with a singly 
application, the effort is made frequently 
to. mix various combinations of pesticides, and 
pesticides with iiquiid fertilizers in the same 
spray tank for simultaneous application. The 
attendant compatibility problems can freqiiently 
be corrected with the proper adjuvant • 
Safety to crop 

Certainly we do not wish to harm the crop which 
we are trying to protect. This often happens , 'how- : 
ever, with chemicals that are potentially phytotoxic 
The hazard can be increased thro^ugh the use of the 
wrong adjuvajit or substarttially reduced through the 
qholce of a proper one. 

Dr:x$t reduction \ ^ 

No method, currently in use"fof reducing drift of 
pesticide sprays., is entirely satisfactory . The 
most prom^^^sirtg of the new approaches tO drift 
reductibri is the use of special foaming adjuvants 
applied through foam generating pumps br nozzles, 
often from conventional aerial or. ground equipment; 
Special application problems may still favor spray 
thickeners or invert emulsions. 



.10. . FDA approval . \ 

The Code of Federal Regulations, Title 21, Part 
121,1Q2 , exejnpts jfrom the requirement of a tolerancq 
those adjuvants , iden tified and used in accordance 
with 120.1001 (c) and (d) which are added to 
- pesticide use .dilutions .by"a grower or applicator 
prior to application to raw a.^ricultural commodities. 
All spray adjuvants must comiply with thiese requirements 

The functions and properties of spray adjuvants listed 
above can contribute sub;5tantially to safe and effective pest 
control. Any one of the functions may be important in a 
given application. It is not likely that all . would, be of ' 
concern in a single application. . 

Although a single adjuvant may provide more than oiie of 
the above properties, no single product can provide thfem all. 
As a result, there are a variety of spray adjuvants available 
which have been formulated to encompass those functions which 
are /important to a particular type of app^lication. 

The agricultural spray adjuvant isrone more/ useful tool 
for improving the effecC^veneiss of p^st control and the safety 
of- chemical appliation and, as with any chemical, only the, 
proper spray adjuvant will do the proper job. '-^^ 

In part from Washington Pest Control Handbook,; Washington State 
University, Washington State Department :.of' Agrrcultui^e, Novem- 
ber 1, 1971, pps ^77-181. , 



■ VAR I ABLES ; AFFECT ING JHE. EFFICACY -OF PESTICIDES 
. mm APPLIED TO PlANTS , >NIMALS , .SOIL 

INTRODUCTION Ciljr. N. E. Lauj^ V ' . . 

' ThJs program is about some o£ the variables which 

your pe^iciji^fe application 
^.v 'i^ ^^-^^ '"^nage a pa#^J)^ifpulation. Thes#',variable.s : 

can be a. factt^r on. how much service yd^^will 
: obtain .foT ;^^>|^lar;. invesy^nt in pesticides ./ 
.^"Many B^Stfcide labels giv^' instructions about v;:' 
cer.t^in conditions that may exi-st^Wh en- applying 
^pesticides. ' Do not ignore thes.e. They can cost 
i V . you 'money. Remember, read, the ehtir^ pest ici:fe 
. Id'bel and understand it before you apply pe'sticile'si' 
•I,£ you are not stireiiriiat it tells you, please con- 
tact your local extension agent or your pesticide 
dealer for assistance . . 



VARIABLES 



E FFE CT ife : -JdiT . C ■ brak^ 



The world food res^rVe is decreasirigi^ariija^^^ For example, 

— ^ - there werte 95 days 6¥ world food re^et^ejdjia but the 
. reserve decreaised to 24 days hy 1974^'^?3li^::aecrea in wptj.^. 

food reserve is due,, in part^^-l^o^t^ in }^b^^j^-'^r\'r._. 

population and, in ^^)^TtV to the .gfe^ better , 

vfe>:''^#^*^^*^°^ example;;- t^^^ • 

o£ th^ci^irtJi-?^ 
ncmber doub^idjl^^^^ '^nd steadi ly 

ifttt0:^^ bil;li^on by l^fiiS-./^^^ postulated' ;tii^^^^i^^^ 

this number will double by. th^^ y;^*ar'^^ is a ne:t>:v 'v>^ 

increase o£. 76,000,000 souls anntialiy t^ 

additional acires of land to. f eed the net » in popula.tipn"^^^ 

; . Thei^^J^are three methods by which the wo Id ;food reserve may ' ? 
be improved.-: One is by^using high yielding^^^^^ to a better. ;v 
advantage. A second ]f^:|^ and better 

- fertilizer. Unfartutt^^^^ the countries that need more ' 

and better ferttJlizers do not have good fiSiaA^i in 
the maj or ^^tbuntri^s" that produce and p^ovi3:e::^^*tilizer 
The third method o£ improving world food te^ferve is through . • 
better pest control. It has been estimated^ ' 
world's plant food is lost to pests. / Presen^tjly , the majority 
of the work on ^plant , pest c6fttrol is with the use of pesti.cide^ ;^ 

Everything being equal, the, results that qjie obtains froni 
the use of pesticides on plants to control .p.ests sho be 
desirable when they, are used as recdmmended./^^^ 0^^^ 
hand, however , if ' pesi^i^cides are used other than ^dr what 
they are recommended and applied differently than^the^;^^?^ 
prescribed method, then the results vobtaihed:-the^ 
would b.e questionable. Many years ^of VbrK" arid a^^ m^ ; ■•: - 
as 10 million dollars have gone irftb the selection, ari^^^^ 
development of a pesticide to control ia spi.fe.cif ic pest 
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^^■Ivl'^^^'^f"^- ^Therefore, tlie groweif- or. the conmiercl£tl 
{>:^VfPplicator should ai^y^;read anii-stiidy the latei, 39 that • 
^"^l!^® thoroughly familiar with th^ nature of the peste 
... ^^v^nd what it is recominen:^ed for, before it\ iV applied 
\..;>oi]!^ -the -target -.plant .: ./'" ^ V' ". '.■^ ^ ' v':' 



: > ,The*| -a^ that aft^ct- the/ efTectiyertl^^ o£ .'^'^ 

: pesticides for plant pest cpntjdi, ■ For .a''matter (Jf'^i'' 
Cohvenieribe for dii^c^s^siori, ^these factors may:, be. cajl^^*- ^..s 
' physical ,-.itf^chaniGa:lv/.^W^ 

■ ■: \'- ■'■ ■■ '■-.'■/:$:. ^r. ' '■^■'-v;<;■^:v:::.■^.^^ : .:■ :s-^>-^^-' ^ 

Eirst ,.,J,.*foijid like to .di-SGu:ss-Hthe;: phyi^^ , \ :. 

pestjj(|i?|4;^ and how they .may iii S'itoejRce "the^.^f^f fectiii^^ 
, of;'^^ the target pest. Pesticides 

^;%;)'Tjay ll^^ inert, ingredients and applied ' 

' dtist or'miQ^ed wi^h a wetting agentjplsiispended in 

.^J^^W^i^er , and appl^^ as a spray 'or a few -a^re liti'iii^ anci . . . 
: ,;;-}are mixed with water and applied as sprays^v ^th^^-'^I 

^.?^#?^V^ly have an emulsifier and 3LVsh}^re!iM'^ 
^V :^^ These • solvents; :^^(|/Q;ik^^^^ 

Mj^^q^^tly eaiu^e ^problems when, they - are mix^4.:i^^ 
- .:tarik'''%ith.-dOth^> pe ■^'-'^t'^'.-P N'^ V , v;- 

. This .is particularly rtrue w'il^ oilr-based solvents . ' ' 

. For example, if a certain jinsecticide that has a ^'^^s^^^^ i 
oil -base s,plvent is mixediwith. captaiii ■ a wettable pbwder 
fungici'de, tha^ is^^ -a^^ with. the. particular oil;/ \ " 

Solvent 5 it hah. the latt e^/, may "go. thrpugil . .a pyoees^ of ^butt ei:.--*? 

. / ing-but- and become; inaciivevpr-f it . ' 

comj^&lind ' that A.s ^ pJiy t ot oxic y '^^^^^T the mixture- :>ybMd:, be : ^ ' > - . 

; . a 1 i ab i l.:i|y;;;rather than- an asset i £ appj i e d 1 0} t he . t a rg e t \ ■ - 

g-;^^an t . ^..:.^}?t;^^,, ab s o.lut el y e s seiii iali^t ■ tij^ 
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'Wa-ny plant, 'sur.faces are hard \b w;et , thu? , for^ satisfaGt 
results when apiJl^^ing, certain p-esticides a wetting agent or, .}■ 
' surfactant ^shoui d be used . Many weeds; are extreme ly hard V 
to wet ; .therefore ;\suTfactahts may . be "required ■ for sat is - 
factory, weed control;; One should be careful , however , when 
using wettih'g agents or surfactants. ; Some pestici-des have > 
the correct amount of VNTetting agertt^^^^ incorporated with the 
pe ^t i G i d e , arid the addit i on of s t i 1 1 mor e '-we 1 1 i ng agpn t ' 
wrfufd cause excess foaming in", the t^nk. and ^run-of f of the / 
■active. Ifhgredient from the leaf ^5^^urf«ce v Therefore, always ' 
fqil^Iovfi^the •inltruf t'ions labeV and "the recommendations 
;f^om yqurXand Gran : ' •'^ =^ . • ^ 

Theue are. several Ways that the mechahical aspects of the . 
spray ectuipment will^ affec^' t^^ 

No pesticide /applicator equipment, .r^feafdless of the cost, 
is more effective than the operator of th'-e equipment . The 

;resui;|;^ ;obtain,e^ wU : 
with a s:lopp>^ operator *'wi.ll not .be'l as^f pest 
control as with- a piece of equipment thkt costs 1/2 or 
ev^n 1/4 as much that has a conscientious common Vense 
operator. Thus, the operator becomes 'this key of Success or 

.failure. Low volume spraying .reqtii res exactness in appricatioa> 
A mistake when spraying at lOX becomes b-Isy'Z' timesa.gre^ter 
than, when the same mistake was made ,at 4X coAcejitration, 
Therefore,; a conscientious,- responsible operator is ecoTiomical 
wheix one? is applying low volume sprays . S 

There - is no /substitute, for a properly* calibrafjl^^'s 
The machine.; is either calibrated or it is not / r There is 
no; iri: l^etweeri.^ 4f sprayer should be chedlced frequently to 
determine if it^.is actually spraying out the prescribed , , 
amQuht;^^^^ It is equally impprtant' that 

the sprayet. be delivering the* gorrect amount of toxin ' 

V • ■ .... • ' ; •• ■■ . . ■ . . ■ 



from the designated nozz^iss. Jgt iff expens^e ana*ex1;remel>t 
disappointing to find that approximately^l bus^h^fel of pe|cfhe# 
from your trees has brown rot simply because, you, *as -the 
owner, failed to cljeck on caIibr-atio,rt and 2/3 of thtf active 
ingredient was being discharged through . the f Iqj^er noz^es 
l^^jChei* than the proper 4 upper ones/ 'Thus, tapeless mi^- 
(takes cost exi.remely high and' greatly reHice the ' 
■profits. • All me'chanical pesticide'"' application equipment ' 
should he checked, daily for gei^e'ral -function.. 

The ••environment" is a major factor that influences the 
effectiveness of pesticides' that' -aye apiflied. to plants. 
If a rain occurs Bef ore the /pesticide <^is "^dry?;| it will wash V 
dff and' the, application must^ be repeasted. ; Similarly, a lon^ 
prolonged rain will result in pesticide er.(^sion and short 
■ residuil life of the pesticide. ^ .y ' 

Extreme temperat]ire§ also ift-'fluence the activi^ty of certain 
p,estiQi"des ." Oil, for example, should never , be applied 
When the. temperature is expected to' be. above 85° or below 
..35 F., Oil . will frequently cause severe phytotoxicity whem ^ ' 
.applied with prevailing incompatible temperatures. Liquid 
•pesticides, should nayer be permitted to freeze during winter 
we%i^1feher unless it is specif ied 6a "the label that activity^ 
i5 not altered by freezing. I have had VxperienQe with the 
use of liquid parafthi'on that had been frozen. The results • 
^ere extremely damaging with more o£ tht characteristics- o£ 
a herbicide that that *o£ an ^insecticide . ' *\ ■ ' 

One should always be careful when applying herbicides to 
areas that are subject td: overllows . ; Un^er th^se conditidns 
the; herbicide may. be washed to an untreated" area and kiil* 
non- target plants. .J^ expensive and 

similarly the kill o£ the target plants would be reduced. 



lj(ind ^nd _ strong air turrents are nightmares, to pesticide 
applicators. This statement ii' true ' whether working wit'h 
. *ircraf t'-or ground equipment. Coverage^ bf the target is* 
' severely reduced when pestici'des are applied dur,ing 10 to 
20^ mph wind ^currents . Thus ^ more material is required to 
cover the target and a gVeater liability exists as far as ^ 

d^£t to non-target plants. The piHncipXe pf^not sprayr^^^^ 

during 10 to 20 mph wind storms must.be thoroughly under- 
*^tood. The pesticide effectiveness is greatly reduced^-: 
drift .hazzards to non-target are^S are extensive and the 
possibility of a pest icide accident is • quadrupled . Therefore, 
apply sprays when the wind velocity is ^be low 10 mph^ ,' 
preferably; much :le^s . - ' < ' v 

'The biolo^gfical factor cannot be over emphasized in .a well 
(ievelo'ped pesticide program. * In other wor,ds , the 'commercial 
pesticide applicator or'the grower, must be somewhat knowledge 
able ."ojithe plant pests. He must have a gerferal 

'tB^nc^t ^^^0^ Si specrfic * insect or a disease / ; 

"cycle 'pf a disea^? that he is trying to control. Every 
pest'icide applicatiofrsuade when there are no pests present 
increases* the cost of 'prochi^;t^ and reduces the* prof it 
margin. Grovers should have a "^eivefalviJcnowledge that .powdery 
mildew isTmost isevere in dry weather/, ^^apple scab is..most 
severe during cool , wet weathir; •and tfiat a* drought during 
thQ primary ' infection pe'gi-od will bYeak- the scab;- disease 
cycle/ Similarly that plant mites are more destructive 
during a hot, dry year than . during a wet one . . ^ 

It was determined in ealifornia that 1]^ appl icationSj^f • 
streptomy<:in was applied to p6a.rs for fire blight corrtrol 
before the fire blight bacjEeri^ we^i^« actually present. Thus ,s 
. trie 'cost of pest control was excessive . Careless * use of 
* pesticideis such as excessive applica^tions , frequent ly lead 



to tolerance or resistance by the target pest. Be familiar 
with the crop you are trying to produce, know what pests 
attack the crop and when they shquld be cdntrolled. Do 
not apply a pesticide haphazzardly • 

Generally speaking, pesticides have a good effective margin 
formulated into them to offset the physical , mechanical , 
envi ronment a 1 , and - bi olag-ic al - f actors . -th^t"^-xeduce _the i.r__ 
efficiency in pest control . Therefore if one uses>^. good 
common sense when applying pesticides , they c^an expect a 
reasonable return on the"ii^doH-ar-in^es^ted^r— — -^^ — ^— 




■ EFFECTIVENESS . OF PESTICIDES APPLIED TO THE SOIL (Mr" A. H. Kates) 

^: Many factors influence the effectivenes 

pesticide. You have heard many oT the factors 
associate^ with applications to the plant. Any ' 
chemical applied to the soil surface loses some 

1 i'^^i^ P°_*®^:*^^ to fixation 

. on soil particles, leaching, volatilization from 

the surface, photodecpmposition and microbial . . ' 



decomposition. These losses are taken . into account 
with the recommended rat es-:-af-pest it: ides . -they allow 
sufficient material to give maximum pest control 
and at the same time minimize $oil and crop residues • 
;Many of the pesticide losses can be associated with 
soil characteristics* , 

Soil is a product resulting , from the disintegration 
and dttecompositioii of rocks and of organic materials; 
With )^irginia •$ .^^^^ and climate conditions., 

the soils are largely an accumulation of finely 
divided relativeiy' insoluble mineral residues from 
the parent rock. ,- the soil "particles are of various 
sizes . The organic: matter is^elat^vely low 
throughout 'Virginia.;^ The varlfous size soil particles 
and organic conteriti^m^^ impact ceriain character- 
istics to the soil . F^These characteristiGyS have a 
te bearing on h^ifw the pesticide will react 
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when placed on the. soil surface. 

Growers ol^f en describe their soil as Hght, medium 
or heavy:;:: ithis is usually a comparison; o£ soils 
on their ,£^^^^ in the immediate vicinity. The 

growers di^t^^iipn of a heavy soil in the coastal 
plain area'|$ often quite different; from, the 
description of a heavy soli in the Piedmont :or-" 
JMpuntain area. A more precise recommendation 
could.be made if the amount of sand silt, and clay 
are known. 

Mechanical analysis procedur.es are available which 
will divide the various size soil particles into 
the various types, sand, silt, and clay. Soil 
particles more than 2 millimeters in diameter are 
usually classified gravel or stone and are not 
usually included in an analysis of particle size. Particles 
under two millimeters are dividedi ih,to three major 
types. Sand has particles of 0 .b5\to 2 ^millimeters- . 
in diameter. The next smallest size, is silt which., 
has particles of 0.002 to 0.05 millimeters in slzev ' 
Clay has^arti'cles less than 0 . OQ^^llimeter^^ 
in size. The percentage of sand, silt, and_^ clay - 
determine the texture of the soil ; The^ soil 7 
texture is very important in pesti^^ide activity or 
■loss.. . . '■ .V . ■ ".• ■■ 



The larger particles ; /stone , gravel , and sand 
react as individuals. Soils high in these 
particles usually transmit air and water readily. 
Their retention o£. fertilizer , chemicals, and 
water is low. Most o£ the, chemical and chemical- 
physical reactions in soil take place at the surface 
particles . The surface area of this portion 
\-^M0^^ 'soil- is. relatiyafi^- small; .therefore the 
''^^i^c:tifli^^:ipj^^ is low. 

Silt particle^ are intermediate in size than jt^^ 
o£ sand or clay. Being smaller in size, they 
\ greater surface for a unit volume of soil; therefore, 
they exhibit greater chemical activity than sand, 
but not as great or as 'important as clay . 

The clay portion of the sbil is the one which > 

; . ■ ■ ■ ' ' ' . ■ ■■' ' . ' ■' " ■ " 

, contains ijos.t of the- impdr^ant properties of the 
soil. Their size wouldm^ would 
i be a high surface to v(5lume ratio. For example, 

if one , acre ^contained particles one mm in diameter 

■ . . • . ■, '■• J^". :■ ■ , .■ ,-. ■;/ ■ • :, ' ■ ' . 

therfe would be a totals internal area of 

• . " . . ' , ■***■.'■ . * ■■ ■ . 

SOO'i acres . Whereas , if the same acre was made up 

of particles of 0.001 mm, there would be a total 

.internal soirface acre of 1 ,000,000 acres. I-'ll 

repeat, most of the chemical^, and chemical-physical V 



. .:.4:,. .y . V • : ; i • * ■ ' 

•::^:a^t^5an takes place at the surface of the 

i^'^^^^'^^^^ Besides this greater internal areay . 

v^;ij:h^^ clay -and the ; 

their chemical elements on. the 
/op.art'^^^^ imparts a negative charge to the particle • 
^^^vK'-^^^^^ charge causes the clay particles -to" 

Vrattra;ct positive ^ions o£ certain elements and chem- 
>i;^H^f * V A into 
V jsal^^ ^il^l* ionize.-vjjiegatfiv 
"^^r^oducedj -^ 'IMM:''^ /"'•^^■:^V..i:^^ ... . • . . 

: ^BS^^ t ive /ions: t)i:J||drogen ium , . mag!ife^.i:uTnv: and 

:;pQ4as s ium : are :helC^^ of dynaWi^ 

;^%:th similar . ibri^V;^ ions 
v?(rkn be replaced O'T^e^ 

{viiXi response to cha^h^eiiiji^^^Qi^ soil 



^/Solution- ■ ' \ . ■ . •^■I6'^.';^v'^^ -V;\:..\ 



■■.'■'.'v''i*,': ■■1-,. ■■-.,-■.«,- 'v.V- ■ 



: Sbine ions are held t'lghiip-r 

'' ■.-■■» ■' . ■ ■ ^■ ■ ''.'■•^'V,.■ ^r ^s'j:);^,^ ■ '-■>' 

i^^aifi he removed £rom^the ^diai:.';^^^ 
/ jVll pesticides are paittiaLlJ^ :^p^ 

ions witlr positive and 'inegat^i:^eN.6ha^:f^;:v^T€^i^^ . 

Depending aipon the Stxfen^tft!^$'i-i;hi^$'^ch^^ 

.efficacy :of ;the pesticide ^an|^!^:. aite^d^^^^^^ 

.. •■ . •■•■■ V : ■ .-^^ 

would dep"end on wheitherS'tf^y •^^•held^^t 



to the clay particles Sr_in„eq^ili^ife±t^^ 



. ■ ■■■.V- :?:vi;^^v-^'- 



soil solution or not attracted by the clay ion; at 

all.'.'-- : >i-\ ■' ^. . ' ■• 



The charged clay surface to^-^rWej with>their 
associated exchangeable ions ^U'^So react with 
water molecules. Thesfe impart the characteristics' 

plasticity > cohesion, and sh:f^irikage to soil, ,. ^ 7v 

. ;?vy" . ■ ■ •■ ;■; . ■ , • ■ 

These physical chaTracteristics o£ the soil have 

a direct effect on the eas^ of and degree of > • 

incorporation necessary for pesticides . Inter- 

. ■■. . ■ • . . ■ '■. 
■■ ■ ■ ' "'f? *■ ■ 

.juedzate products .Jt^ xdecompositidn of-jplant i^esidues 

},:a!f^^jv^^(^ to this coilbidfil' system. Colloids 

refer t*6 organic and, inorganic irfatter having; ,y 

sma:ll particles • and '^'a/gorresporid;iti^^ 

surface area^^fai^^he unit of mass / Most ^ i^^ 

are too small to be see^n with an orjdih&fy 'Cq^ 

microscoipe r.r-Soil colloidis-'rd?^^ go into sdiiitipn 

as, sug:ar or salt dpv . They^inay be - dispensed - to a; 

relatively stable condition and thus be carried by 

moving water. The organic colloids work sinlilar to 

the clay particles . They also can have a definite 

affect on creating aggregates of clay, :,whicl# in turn 

makes_the- soil more work«able . 

The sand, silt, clay, and organic particles occupy 
roughly one-half the total volume of soil. The. 



remaking space , void Ife^el^ particles 
is' called the pQte space. This is occupied by water 
and soil air. flie pore.^-sl'^l!^ distribution is strongly 

affected *^by aggregation of the, soil particles' as.. 

■ . ■ '. . ' ' ■ ■ . ■ •.■>■'. 

well as by soil texture.. Infiltration and movementf 

d f wa ter:' r ch em i c a 1 s iji^ lu t i on- t hr o ugh the s o i 1 * 

therd^oi^t;^^ iii^iuenced by. soil sWxiciure.' 

Water and •a:^i^fey:d^ theL;5dil^s; pores in reciprocsrS^ly 

^^aryihg amounts; The 'awBoijit^^ the soil'>^fc^ 

^j^^es wil;l' deteTmip,^^;!^ applied 

^j6^;t;icides wili:#oV;^^^ : ? ^ 

' ■ V-v-^'^^^^^^ ■ . ■ , ' 

.Ri^^.ticid^^^^^^ movement of 

so:iut;{^^ through the spi^v-^ in most' 

cases-viiKie^ is applied to the surf ace , 

the *moyemeri*t''^^^^^ chemical to the pest .are^ is 

dependent o?i; leaching of the pesticide . The 

extent to which a. pesticide leaches is dependent 

primarily, upon: (1) solubility of the pesti'cide 

in water ; ( 2) amount of waterl-passirig through the 

soil"; and (3) ab,sorptive relations between the 

pesticide. and the soil. 

In/'general, those pesticides, which are completely 
water soluble arie expected to be^most easily 
leached.' This is not alwa^ys the case. Some of the 



^•^'Water soluble herbicide may react with the clay and 

organic dolloids and be tiaken put of the-soil 

solution completely. The solubility of a pesticide 

■■ ' - . :^' ■ ' ' 

in water is never a true indication of how it vwill 

move through the soil. The chemical :Conc.e;tJttatio 
of^the material when; it is in solutioii^«^i5;v:5i^ 
:^>:,:r^^ absorp.t;.iv poweijif'^f tli^.i^^^^^ The ' 

of the abs 01^1^^^ relati^ 
S^^^^^^"-^^^ pesticJJ^ipi^^^ just -fs, :^ 

the water s6'liil>^:li^ 
^^*y: ability of a partip^ 

\ .; : ; The amount of water passing down through the Soil 
will affeqt almost all; pestrcides in the distance it 
wiir i'^^ch. If a pesticide is-applied on a-^feelatively 
dry soil , follqwed by rain or -irrigation,^ the chemical 
- will leach farther than if the sbil were, wet; at the 
time ,Qf application. ; To restate the point, xthe 
strength of absorption bonds is considered just as 
impoi^tant as water solubility in determii^iii^ the ^ 
leadfiing. of a part icular pesticide , . > 

Pesticides have been known to" move upward in the .soil,. 
If water evaporates' from thi- soil surf ace ,Vater^ 
move slowly upward in the soil . , The water\may carry 
with it the . soluble pesticides.. As the waiter / . 
. evaporiates, the herbicides are. deposited on the soil 
■ -surface'. ^ ' _ [ ' ' .- ^ " 

Whether the pesticide is applied on the soil surface, 
of moves upward with the soil 'Water , most of them 
are subject to volatilization^vdr, vaporization. - 
Vaporization is v?hen a liquid changes to ^ gas ; ^ 
whereas volatilization is when a specif ic substance 
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7 ;■ changes: from a s.|Dj^^^^;^::g^s Th^ ; vaporization ••; ' ' 

" -;; ■^'j® soil .tertpe?^^ the; ■ ?^ 

: .-f ■ v-^°^^ the surface 'i%>:uisiiaii^^^^ ; 

■ • air,.,temperature. or ^oil- :l^e:fte Many ^ ^ 

v., 'i ' chemifcals will ^'Isa'ppear iriii.thX^.'jjiafth^^^ they . • 

^ . l':: /^^^ surfa^-this^^i^^^ 

'■' ; y^^^ pe-sticide due, to certaih 

■ . Tj^rs of the. sunlight. Some chemicals app-lied to the •• 

| : ; ' : surface with noywater to c.arry them into -the soil " 
' V .. . can be lost Completely by "this . Some loss by this 
• ' bccurs with many of the p.esticides, * ./ 

r . /The soil organic material is' inhabitated by various 

.f • micro-orgahisms; algae, fungi, "actinomyces and 

V ■ . ;j b.acteria. They must have food for energy and growth. 

[ .' ' Organic compounds of the soil provide their maj or food 
, : supply. Most of t4ie pesticicles are organic jcbmpOunds . 
; ; >,Many of them' can bo used by the micro-org^ 

foodV This is' a means of reduciiiig gthe residue of 
.. ''■ pesticides in, the soil\; - This. breaT-^^^^^ 

. deplete the; pesticide. Tesi^ue in the soil , but s . 
. ^ ; has an affect on the efficacy of the pesticide. 

: * Rainfall and irrigation mo.ve surfacev applied pesticides 
into the soil. Some pesticides are injected or 
^ surface applied and mechanically incorporated. The 
• ' depth .of iiijection. or incorporation is reguiatfed to be 
, . near the tg,rget pest. Some; pesticides could be lost 

. .' - . from the surface so rapidly that effectiveness' would 

be decreased. Not all pest-icides can be inciprporated . 
, . Some could, be adsorbed by the cla^ and organic matter 



. too quickly anci top tightly; thys reducing efficacy,: ; 
Others may nee'd the depth of soil 'to protect, the/ 
crop seed or plant roots. With the pesticides : that 
can be incorporated, the practice eliminates the .^^ x^^^ 
;teLiance on water to move it. into the isoii. Before'' • ■ 
-a* recommendation to incorporate a pesticide is maHe, 
. .the pesticide;, the pest\and soil"' cha^racteristids are 
all considered. 

The above discussion on.;/soil ■ factors , especially 
.clay and org^anic matter, has been'simplied, but its 
importance cannot be stressed enough. It has a ditex^t 
be^afing on the efficacy and residual 'properties ; ' 
of all soil a.pplied pesticides Many cases of pest- ; 
icide: failure'k.'c be sighted where soil chara(;ter- 
istics were not considered before applying the ^ 
pesticide. Irf^ developing a pesticide recommendat ion, 
the. first 'Step is to identify the pest and crop. ■. 

After the' pest is identified, the soil characteristics 
should/be considered before selection of a soil °. : 
applied pesticide. The amount of the various soil ^ 
particles and organic matter can be obtained by ^ 
analysis;. v ■/ 

This information is needed for most effective arCd > 
economical pesticide application. Read the label, 
and^follow "all directions for safe and effective 
pesticide use .r / ' 



r-.} - WIA^LES: AFFECTING the; Of' INSECTICIDES '(D 

■ There, fre many^^ariables: affecting .the ef f ica^:y of^ ihsecticides ' ,. : ' 
. • when applied to ahimals . In order: that we^^ighi; li)ok : at, ° 

, : these variable? 'in .a mare organized :fashion;.::rvhave divided , • \" 
' ;these : variables ipto>^our categories r biologica^L , mechahic^ly,-; • • -/ 
.. . environmental and p^^ ...... . ^ 

^^<^%;^^®r?a|^:g^ sut-categories: • : v 

-1) jtl^e^^^^ animal - and 3) the ectbparasiter:; ' . " 

variable :in that tio. twd ariimals ; v^' 

are a.Hk^;;;^^ ' ■ 

,^ ?^'^y;;>*^^yS v?"P you are trying to spray :aiiimals , : ' 

the ^excitable animals; will always be back ^n the dorner 'of V . < ' 
/ ■/./^^.^ V^^ to Wet them a^. easily asyydu;;;f::,^ ' " ' . 

-V; l^'^Mld Coriseqiiently, wh^n{^lil 

■ :^o6k up to see. which animal you arey spraying, you ^are 'spra^i^^ ' 
: • have already sprayed. < So you have one in the^ ; 

/y';; S^^^ that has not" been sprayed-properly. and the "one :in front jf' 
• \' of you .h^s . been spraye.d5« too much. And, . of* course, there , '"^ 

J\y^"-:-va?:e.;;ot;het^ 

: y:m ..■have::.;;tti*ij^;ze :;:of;';;:ijie;;-Ah^^^ it-'-:'''-.: 

<■'■: : .self-.: ,. ^^any^.^f the;:^;st on ' the\Saii^r/; ' '^^ 

of mil 1 11 e te r& f c c ' s pe r 1 (J 0^ lb s . w^f : b bdy; wei^ ::The s i ^e;?| ■ V 
-^vary and ;:g^e person; doing., the t||^i4ii| 'rtius t . be valile. tojfe 
: ■ y look at the aniii|^^;: arid Say that this animal" is^ as certain Qia^^^ 

V/-; ''The^. length ^^f.^tW^l^irs al»sb: be A'^^^^^J^'r ^■■l^^ 
■ about t^ice...as>-|i&ti^^^ \].'r. 
,v winter;, coat P:f'/:l^it^^^:'^s ^i^ 
■ A;;. - summer mpnthS;'vrith . shoxt/ hair-^ ^ ^ ' >^ :v:^;•■^.■:^" .iv ' \. 



. There is ;another biolbgicaa. . variableiiftf at v^^^ thliik 
. . kljout the differences iifetjtoip^xa^ 



are :seve3::$l ,irigectici4es;^:tha^ 6t,^^bntrolling 
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> > adult^^attle ^iicfe ; ^fij:, that sife| insecticide^ jna^ liot .haVe' .^^ ' 
; , / too muclv* af£ect.>)n ijie egg ^ta^JwH^h % ; glued to th^Vhaitv '- 

* , ; ■ '^^s me^^^s . that you^^^^ insecticide /ah d wipe out ' alf : the 

> adults,,- bUt^^l^he. i^ aft^r treatment;: 

'• ^f^^^^'^^ 'i^i W^'M :v^e;eks\-' For. this ^rbason ,; . . ' 

•; ; oii^' may* need to repeat^ th,e 'treatineRt\ . The h^rn fly is one '', 
°^ the easiest .jii^s^ts tc^? til]:- because' it spends iis. 'entire- ^ 
■ ■ ■■^■•^^^^^ cows, except^hen the fertile, females leave- 

' ■\ : ^^-^ deposit : the ;:eggs' i^ droppings . > This ; ' : 

Iciii:. • vThey are ^ma 11 and' : 
•0 ; when; they ^"cp^^^ they are^asy; : 

V ' l^ill- '^her^ ar:e.;not sb; e^yc to" kill . • 

. .. The. 5table sfly iak^s, a bipod meal and goes and- re the [ ' 
, . , v^^l: until: it dig^ that: blood ineil-speriding ' li^tt J'^r time 
C the animal . • Thi^ make's it, more difficult, to kill : ' The- • . 

. hor^e fly is 4arge'and h'as, a, tough.;puter-^t^ I;^ takeis- , ; 

: .:the blood jneal' a^^^ ieayes the Wimal for a iong:p^ '.a^: ; * 

• time, . :Beca^^ tff; the l;Qugh ; obiter cd^ fact'^hat 
^ . , it takes the; blpoii meal; and ;ieaV-es the . ariima-1 ; it. is more. ; 

aif ftcult^ to : by far thah; ^ny of^^ : we, hayi 

r- ■ to. : deal : wi th : on, ca^tt:^©.;.^ .^The Jf ace fly, is Janot-her "ges titifiat .: 
;.i:we have lere in^Virginia in Vgreat nui^ 

• : ireat . deal . pf , time; o¥f the cpW: as^ w on' the,;cdw .Whidh ' 

fiakfes at;,niore'rdiff icul^ to k^^^ Yotj" may* wipe out most- bf ^ 
: , ..those on a^y 'ane herd by- "a gbjo^' treatment m .However , 

. -:^;tliey :ai:e, st^ 

herds and rei^ ■ 7; . •; ;.• , v / 



j: / i^bwy perh'ap^ should consider .the catU 
.?-that has ; a _li£e. cycle^^o 

>»|4ie" cow itself .^/^ v^ emerge ;but' 6£ 'th^tJiol^^ 

animal^ bdcks and; go :down^^^ ^Ji^* ground^: to intp^ ^ 
•; the. vfingfed f orm r : Tftere : is W ;thal| - •; 



you appiy to the »grub foqn^ , This kind o£ inse^icid^s 
calljed a systenftc; Systemic insegtieides^^are to be applied- 
in iate summer or early fall bi^fore the grubs start toward , 
the anfmal'-s ba^R; This means? that timing i^ a variable in 
that* the applicator .must think about the proper^ time to treat 

. There is a contact ins'ecticide that, must be applied after 
^ the grubs make the hole in th^ animal/ s back • ^ This also^' 

requires correct timing.. -J^-' ; 

:i ' ^- ^j, . r ... 

it ' ■ \ 

Nq^w we will go to the second'category which is the mechanical 
Good spray pfens ''f re a must. I£ we^are* going ,t6^treat animals 
* prope^r' equipment is* needed. For a few calves, a\^all ^.^ * 
compressed air sprayer would be alright, bij.t it.woui>dnot be 
proper for :0i large herd. A laifge herd will require th;^ use 
o£ a good'moto^' driven sprayer that wiM operate at least 
2(M) pounds of pressure per-^quare inch. 

There are autc^mated sprayers*; for treating dairy cat.tle.a6 ^ 
they leave the barn. The ^tiimal triggers a mist applicator 
by some means; usually a metal apparatus similar to a 
p^io aerial on an automobili^v . Sometimes animals stop while 
they are touching the trigger becau^jp they like to b,(S cooled 
off on a' hot day. ' The variable in this case is obvious.. 
Theiv wiir pump the spray machine dry and the 'animal becomes 
^ over treated; tThis type of automatic sprayer is not as 
popular as it was in years past. - . 

We tiow shall ^consider dippinje: vats.. Dipping vats are* not 
as poiularm. Virginia, as- in other parts.of the United States 
TheV^ould become important • in an attempt-to eyradicate 
.j^^blems suA as scabies which now occurs in some of the 
western spates. Some of the variables pertaining to dipping, 
vats are 'as follows: 1) sunlight may brjeak down the chemical 
in the dipping vat solution; 2) animals will remove ascertain 
amount of the chemical when they go through the, dipping vat. 



Thi«.me*ans tha*6 the dipping Vat solution should be tested ♦ ' 
regulj^-rl^j fo determine the concentration o£ the insecticide, 
/^bre ha?s to .bp- ad'ded now amd "'then: to maintain the proger 
J^B^nceritration. , . \ 

"■^tlw previous'' d'i^sc'uss ion pertains in part :to dippingf> Vats 
* £orv:attle. Dipping vats' for sheep should, also be considered 
Since there are a few portable dijiping vats used for this . • 
ljurpose in Virginia. Qrie of th^ Variables here relates, to 
how well tlje sheep are handled to make sure .-^hat. they are ' 
\ campletely submerged in the dj.ppin\g solution. :^ They, have a ' 
tendency to make a big lunge an^ avoid being .dipped completely 

We will now consider another- type qf mechanical applicator, 
' the dust bag, vWiich i*s us^~d for the control of external 

pa!lasites qgi cajttl#. Some of tHk variables ' that' affect the ' 
, efficacy of du^ bags, are as follows: "i) moisture --dust" 
l>^gs^ most have protection from raiofal^^-^Z) animal contact 
.^y^th^hy dust bags forced use is a must for example, * • 
anjljpals mu?t ^b^ forced to go under the ba^^ to obtain ware'ii', ■ ,' 
%eedanri/or mineral; jand 3), height of bag - - bag^ must 'be 
..su^pende4 within 18-22 inches. |bove the - ground £o^ pro^Der 
J distr-ibuti^n of the dust on the- animals to aid Coiitrol 6£ 
£^ce fills- Xflist. tftigs mi^st also be suspended in sych "^' 
manner th%t they swing :^eely' to assure^bette'r dust dis- ^ 
trib«.t^t)i^br mor^ effectivefcontroi^ of dn^ct the cattle- 

Ano*ther mechanical applicatj^ 4s th^ .backti^ber. Most of 
the th^^ngs mentj.bned^^bave about dus^^. ba^ wo^j|p.d . apply in 
part to th| backrubber^ ^However, one thmg that should^lUe ^ 
mentioned; as a/potentiajj^ variable ^ith^egq|j^ ta the^back- 
rubber is they.^ieed..tD be resupplied 'i4{iLth insei:ticid.e . llie 
freque.n<;y of treatiiig^ this ^is '^o^erned by^ow fast the .back- 
^bb er is dried out by sunlight or animai usg^e. A - - 



We will ^ndw'^Gonside»Hmechanical variables relating to the 
llibuj- on treatment method;, Potential.^variables' relating to 

. this method o£ application are as follows : 1)/Physical 
properties --some pour-ons are called an invert immulsion,, 

^and when mixed with water and stirred thoroughly as prescribed 
on.the label, they reach a "milk shake" like consistency. 
This mixt^ire cllngs to the animal's hair and none o£ the mix- 
tur^ 'Is lost by .dripping. There tfi-e other pour-ons that 
do itot perform in -this- manner and run off the animal i£ , 

/not applied carefully! 

»,.» - ■ . - ' • ' . ' '. ■ ■ ■. ' . •" . • ■ ■ 

The spottpn method o£ application places only a spot o£ 

insecticide on an animal's back. One o£ the variables * 

here relates tp the person doing the applic'^ti^ng , This 

method' is>*.o cbnv0^nient ,v sQme people tend -to^ believe that 

the s'l^otton/gun can b© vised spm^hat similafrly to a water, 

pistol , tKe'f eby eliminatinjg the * need '£or a gopd holding, chute, 

'Mis is not true.^ A good . holding Chute is a must for 

'apjJlying either the pour-on or spotton treatments in the 

V. proper manner. * ^ » , . . 

With regard to/holding facilities, the importance ,of, a good 
pen ^or spraying cattle cannot be over emphasized. It is 
important that^ the spray "^pen not be too large or tpo small. 

Let us now consider emvironmental variables. These are as 
fpllows: 1) rainfall--v- a variable in that the insecticide . 
may be washed of f the .animals anytime' after it is applied^; ^ 
thereby reducing *the period of ef fective insect control'; • 
-2)j<:attle mayalso wash "off a newly applied treatment by 
goitig from the spray pen into a pond especially on a hot . day. 
Thijg may also, result^ in a fish kill; .3) temperature mos.t 
moderYi day ins&cticides are broken, down by ultraviolet sun 
r^ys and highi t'emperatures ; 4) humiaity - - heavy dews should 
be allowed to evaporate before animals are t^reated in lthe 
early part . of . the day ; and 5) wind .- - this is ""not as important 
■I ' 



a cpnsideration with regard, to animals, as ^with pl-ants because 
animals are usually treated under more confined conditions. 
However, it should be considered. 

Now we will consider a fourth category - that of physical 
aspects with regard to" Variables . Let's think first aboQf J > 
sprays. Under this category we have emuisifiable cohcentrates 
: This is a material. that goes into suspension well . It usually 
turt^s milky white Mth water and it staya in suspens i:on*real 
well. It .does not settle out and it is ideal from tliat 
stand point as opposed to we^table powders which require ' ../ 
more agitation in the spray machine to keep them in suspension 
In addition to that, wettable ppwders tend to.Wear out the - 
machine more. They can cause more clogging o£ nozzles , ' 

Then we have the. pour-ons. that we men^tioned previously an^ 
we talked about some' of the variabilities ^there , But pour-oris 
cain be, as we mentioned, the invert emulsion with a milk shake; 
like consistency which clings to the hair well or' it can be ^ 
,a material that is mixed with water and tends to run o££ 
the animal, "That does not affect the efficacy of the 
material as much as-we would think. But a farmer doesnVt like 
to see the material running off in the ground. Ready-to-use 
light oils geijerally do a rather good job as a pour-on. It 
,is"very essential that you measure the matetial. properly 
and estimate thfe^ weight of the 'animal as correctly as possible 

Du5ts are used in some cases :ipr^'ifexJ^mple to sprinkle on 
hogs for lice, T|iis -is usually in i (Confined situation and 
that is the re^^p^w.e said wind velipcity would not be a . 
big factor ■it^^g(;ild on a crop, .\ , ' s 

One. of the last t^ngs thar we want to talk about is the 

mineral'' mixture^ plus an insecticide.. The variable here is 

•- ■ ft • ' • .■ - • . • ■ . 

two-fold-? Onfe is ;,that this mixture can^be so palatable that 
cows cohsume"^^. it too rapidly, , Fortunately, this has never ' 



ishown any ill effects to the animal but it can get to be 
^5ti^^ expensive. . The exeess intake does not increase the • 

effectiveness^. ■ The second reason is that some of the mineral, 

mixtures; are highly unpalatable and the animals eat them \ 
^rathei; rapidly ^f or- a)tfh^ then they don't eat them at 

all.. Insect control' decreases as . consumption/' decreases . 

■We had a test one time in was going fine 

with, the mineral; m Then the grass got short and the. 

f armer, optened up another pasture . The cattle were more* hungry 
for gras§ than they were .£br the: mineral mixture and they 
wouldn't come back to the mineral mixttir% frequently . It 
should have- been moved to a more central- location, of course. 
The cattle didn't consume it on* a regular basis and the ^ 
hornfly control fell from about. 95 -percent to "80 some percent; 
a decrease of tfthe animals were more hungry for the grass from 
the new pasture than for the mineral mixture. This caused ■ 
the intake- of the insecticide mineral mixture to .be erratic. 

Last *but not least one that has been talked about for several 
y*afs is feisd ■mixtures . This rs very much akin to the mineral 
mixtures. . Mineral mixtures may be used all during the. horn- / 
fly season,;. but th^s feecj mixtures are to be used. only, for ' 
7 days oir 14 -d^4y^ , as ' a' means-, of treating animals- lor the • 
contT'ol of cattl'e'grubs^^^ mixed with the 

feed. ,^The^va^riables ,<are largely about the same' or with the^. 
Insecticide mineral mixtures.. ' ' • 

In summary , there are i four, categories of variables which can- 
effect ho^ w#ll insecticides conti^ol insects "on animals. ' 
These^ar^, *as we hi^ve discussed, biological, mechanical, ' ' 
environnfental , and physical. ' • ■ 



, ,'; Th 1 s pr ogr am i s .ab out'.Ackeini c al ; 1 1 c'idte^ ' . MpVie.; I ' ■ ' " ' ■ • V- • ^ 

effects' can' \>e^ usfi^ '^s a .tool td manage^' pesF ^ ■ • -'.^ 
: pbpula:t ibris ;;for" 'the" 

S v; I>^sticides. ai*p '^IscoveTeci arid ,|i|?t designed for^; 



' ,'sp;ec if iE.:,.purp9'se^i|;. D ^nd get ting ;>;^c 



' ':go.:V.!&i:nmferitCappr 
' 0n 'tYp average:; f or ' 
\ industry about .8 mi! 



Mi 



;i^e .process 
f;st i ci de , thi s cb.Sft s 
lars and ireqwires. 



;'pr6 sent iBd rmiy jh^p . 
s ome of the«^ ve ry 



" . y'ears.l JThe infbirm 

V i '^^'' ■ : . 

yoxi understand the '»r 
: v:.v.;' 'Specific direct ions J^liw^you^^'Wi 11 f ind- r 

• ;labels. . Obta^^the.max^ ^^^^^^SfiPKI'lf!^^ 
:^^0i0M0La.T inve'stmeht^ f of ^jM*st^i'cide contcoi^B 
. v ' . 'P'esticides. onAy as«<directed om-the MbQl km:^^--- 




, . . ^■^und•?^S.JtaTld: this. 1^^^^ 

M»> ■ ^^1^ """^ V i« theise .Tftatters , ple'aiBfe contact youipM'ocai'V ' , 



■- r-^i^W or your pjssticide dealer; 



it • •• ' ■ 



it 




.1 



Tdday:^ y.^^i^^b.ouV.i , how they 

kill insects, ;and a littl^^^^ and 
prop'ejrties., I need to' ma^e;^^^^ to 
lead . into; the 'su^ one o£ thi?se ; * 

n$?^t.t ^hich are currently: • 

tact insecticides ; 
ontac t: wi th\ the insect 




: remarks is that;; ihos t b£ 
*V/ * usi&d today are what we jJ^^ifeer^to as 

. \ that^ Isy : ,thfey jnustVactualO^ 
<^ ^ iri^'ordex-'^fdti&^^xtt^ to exe* 
^ v-a^^ ^wie. are^"f?6ncer 

^ ' V primaf i ly a^ aciite toxiciU 
' toxicity which occurs vSry^^^-^ 

'^■'^ '■^^^ ^^^^ ^^^^ -i^i^^Wi^^ 

" i s re £ ei r re\i t o as ■ c!l 




. a longer period of 
jinst:^pe, we are pri 




ic aotibn. The toxic, 
s that, which is re£erred 
•'Other .words ; that 
£('fter exposure to the 
d in t he . . t o x i c i ty t h a;t 
tlty or th^at which occurs at 
expo§ui*q;.- - 'In*. the latter ... 
interested in' the e££ect on 



-^ndn^arget . organisms V?^^^ which are o£ 

' ecbnomjrc ^iInpJortance, we want to kill the)n rapidly. and 



■ thel^ef ore(^e 



^rested in the acute t ox;i city , 



• Another prpperty/^isajS^ I must discuss with you is that most 
^ ^ ' o£ the/cuT?^eij^tly- used;* insect iti^^ aTe essentially insoluble 



rv*vi« m water. ^ This mean 



|hat in order' t.o-a56 them as insecticides, 



we must :^rmu]^e tfheffi^ in sbme/Vfay t^^^^ can be more 



■r ft- ■ 



usable. rTo^do this, ^ they are ^prepared so that they can be 
extended iti watCT, or .,used ;as^.ah^ bii base spray . 

Most of the ijasecticides,;we\'wilL* discuss today can be grouped 
according to their ^chemjist^^^^^ property , I 

£ind it easier in dealing With^^ *to approach^ 

them in this .wa:y, and tha^^^^ is' What .1 propose to do £or ' 
discussing the materials^^^ -uftder c'o^ The first 

of these groyps is. the. orjgan.ic p insecticides . We ' 



ERIC 



will 'note that these materials can be thought of as being 
derivatives o£ the ^^imple inorganic mplecule^^ 
acid. What happens i*n this instance is that we can prepare 
an .'insecticide by substituting certain organic constituents 
for one .6r mpre of the atoms of this molecule . All of the 
Ji>r^G^ens are usually replaced with an organid constituent* 
In additionv the double bonded oxygejn can be replaced with 
a sulphur and one of the oxygens is^sometimes replaced 
with, a sulphur atom. B.elow we will see an example of how 
insecticides are -actuallyjprepared or derived from phosphoric 
acid..^ If- you will focus your'^ attention' on the phosphorous 
atom, you will see that; in me"^hyl parathion, the oxygen 
has in ^act been replaced by a sulphur. 



0 
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Now if we can look at the next figures , we will see some 
other examples of organic phosphate insecticides. These 
materials have certain properties which we need to know 
something about. One of them^is that the organic phosphate 
insecticides are rather short -lived which' is problably' 
the result of the fact that they can b^. easily hydrolized 
in a slgj^tly alkaline solution. In nature, < this means : 
that tni^do not persist in the environment and from a 
"f^actical point o^ view, they Qften'have to be applied ^ 
repeatedly, to bring about insect control. 

As far as the ways.^these inaterials. kill insects, we need to 
.exami^ schematic diagram of the insect nervous system. 



C-C-C2H5 



MALA7HI0N 



In this nervous' system we can look at the part referred to 
as the synapse. At this synapse,^ the way the nerve normally 
functions is that, an impulse pas se;s down the axon" to the 
synapse. At. that point, if the impulse is strong. enough, 
it will cause the release 6£ the neural transmitter sub- • 
stance acetylcholine. < : • 

ACETYCHOLIE ' -^^l 

" CEl±vBQDY 
-^^ ^^ : /AXON 





RECEPTOR 



: SYNAPSE ^ V : . 

Acetylcholine is released, produces a stimulation on the 
post-synaptic side, .and then rapidly destroyed ; by the 
.action of the enzyme acetylcholinesterase.. This enzyme is 
normally active for a very short period o^i||ime, destroying 
the acetylcholijie . When, an organic phosphate insectixjide 
is introduced into this nervous system which is, functioning ' 
in a no rcmal manner, the effect is to bring about an ^ 
irreversible' inhibition of acetylcholinesterase. Under^' 
these conditions j acetylcholine accumulates at the synapse 
and itself, being rather toxic, produces a deteriorating 
effect upon the synapse. , From this 'result, the insect 
nervous system rapidly degrades, and is incapable of carrying 
out lis normal function. As a result of this , ! the insect dies 

Turning to a second group of insecticides, the organic 
carbamate insecticides, we see the simple organic molecule, .• 
carbamic acid. Carbamic acid, as was the case with phosphoric 
acid can- be transformed ii^b an insecticide by substituting . ,. 
certain' constituents. ' ^ :< 



HO-C- 




" :SpeQ^^^ t>he H;on the hydrdxyi group of thi molecule and 

one br^two;of the hydrogens 6n> thd amine group of ^he mole 
are substituted.; Below we see an exampl^ of this kind of a - ^ 
, substSittition; " . 




; ' ■ .. : NAPHWl^N-IOf/L 

■"'^i-/--' ^ • . ■ " ■ ■ ' . - '■■ ■ '.- . ■ ^' ■ , ■ ■ ■ . ■ . ■ * • . ■ 

l^^^l?^ ^^^^-^^^^ "the insecticide is Sevin, or carbaryl ^ and 

;%e, see that the hydroxyl hydrogen hasr been -subistituted V. ^ 
,f with a naphtftal-enei flng arid 'one of tfie amine hydrogens ha5 . 
: been substi group./ 

: This group o£ insecti-cides iis also easily hydro liz^^d in . ' 

nature and therefore tends' to be nori-persisteri't in tl]e ' . 
/; erivironment . It has another property in that the carbamates • 
tend to be rather specific. They do not kill' a wide spectrum 
. of insects, but rather certain specific ones. \This was in ^ 
contrast to the\^situation; with the organic phosphate , 
• insecticides which ^were rather 'broad spectrum; insecticides 
V killing most insects with which they come in contact. ' 



The way carbamates about producing their toxic action; this •; 
is essentially simil^ar to the situation with the organic.^ 
phosphate materials. In other words, they are acetyl- v . 
cholinesterase inhibitors in the same": sense that the ' 
organic phosphate materials are, There is one difference 
which needs to be inentioned7' however , and that is thqt the 
inhibition praduced by carbamate insecticides tends to be ' : 
slowly reversible. • This has a practical -result in that 
sometimes when an insect appears to be under , the toxic : ' 
drifluence o£ a carbamate inse'cticide,, it will''^'s\ibsequently.^^: • • . 
recover . That recovery is probably rela'ted to thC' ireversible 
natuKe o£ the i:Tih-ibitic>n p£ acetylcholinestera,§e. produced • 
by carbamate' ihsecticides..^^^^^^ " ' 

i. want next t.Q group b£ materials and "talk : 

briefly about » them . ; ' Th is group , is etas s if ied not. .-according 
10 chemical, structure, but^ rgther on |h6. basis d;£? origin. . 
Tn this, case*, the ^^origin is plants; iif other words- jhese are ^ , 
the so- cal led. botanical . ins ecty:ide s . There are s everal"' 
•mater i a l"s . wh i c h b e ,1 o n g to this groufc,-^ia£ ;a!-e of. importance 
as ;ips"^x:;t,icides but 3he m these' ig the; . ., 

pyrethrins insecticides . I am not gbirigi to attempt to' s.]t:x3^|;;^^S^^ 
youi a chemical formula for this group of materials- beoaiS^^^ 
.the product which is available commercially , is a miioture- ^-^^^^^^^^^ 
of at least 4 very complex organic molecules . They';vary "v^^^^^^^^ 
f presence from yecar to year' depending, u^on the crop 
tjhat happens..^o be produced ; Therefore^ we are not dealing ' . ' 

th *a constant chemical entity' as was the 'case in the. mater- > 
^^I'^s./^we ha^^ ^ * .-^ . ; - 

ThM^^^^ insecticides have one property which is very 

xmpo^^tant as far as use is concerned. That is, they bring 
about an extremely rapid knockdown , of the affected insects," 



. This is. an -important prx:)perty ahi is oiia t feat prod of '■■ 

■ ■ irisecticides wish, -to incarporate. intb :tA^^ as . ^ 

of ten as poss ib 1 e';" ; Wheipf speak o £ . a rap i d knoc kdown " wi t h ' 

■ th^ pyrethrin inse^^ I afn^-talkiJlg he^r^ in- t^ms of . 
knockdown in a matter of in).niites ; whereas" in; thC case af ^ ; 

\;thfe ■ ;i)hosphate bi: th it is ; usii^ally • 

^^^ ^ ^ day or^mpre • ; . 

'.".aftpr- exposure..',; , " : ■ . . ' / 'v' > .■ ■ 'v; 

•'■"^;;:>'' ^ . / ' ■ '\ > .' I 

The. mode, of action of the pyrethTin : insecticides is agarii " ^ 

on insect neryous systems.. And in this instance , we believe / . 

that; the pyrethrin insecticides brin:g--about their- toxic ^^^^ ^^ "^^^ > 
V action by pimply; blocking the^ transmission ^pf a . nerve * 
^t impMlse ;in th^^ of ^hi 3 action are nirt well : ; 

yurid^rstpod^^,:^^^^ ;is perhaps, the^-^^^^ description . 

Yjthat we can make atvthe pres|^^ ' \ 

I would like to turn next a- -:\^ery brief discussion of ' . 
.^^wo groxips of >insectieides*^whic^^ much ' 

-". importance ^ but ye to wh c^nsider^ble«,i,ntere^t from 

a: hi stbrical point bf -y iev^;^ ' .Tfie^e '"'ari^ ^of 'cfbui^se / tSe 
i^ns'ecticide groups iDDt and the Gy.cy.'ocMenes 1 ,Tiies# mater ial's^^ / 
;: are no longer . ^avail^^ble^^: f or commerciajt use^^ecau^e: o ' ,5 / ; 

g 0 ve rnmi n tal r e gul at i on s whi ch: h aye b axirie df t he i f * a^va i 1 ab i 1 i ty. ^ 
- and us e;;;^^^^ the DiDT iij^ectici^e i* aft 'e!X^ple ^ 'J 

of /^a* mjaterial which has "be^n available: an<J^ used for a Io^|' - 
period of time\ 6n,e of Its outstanding ^yrb^ t^at . ^ / ' 

it is a very stable chemical molecule;; ;Thi^;^^ ; 
about someu difficulties as well aS ;^some advantages froini an • 
^ insecticidai ppin view/ ^ The adva!ntages ai^^ c(^^s^^^^\^^^^^^ 
. that it c'a[n be ■ ap^ 

long period of time. The disadvantag'eriV that/, 
^^nyirbninental point of view, DDT persist^^and cpjitin^ies- tbr?; /. 
vexerf its 'toxic action oyer that' same .long peri^Vf^^t^ ■ 




Much the same can , be.: said ; for: t t 
, ; a^re also quite stable Tnbleqjjles . and p^rs.ip^^^ 

. • the' environment^ " Because of these rprppejrties • of 

-in; the^ enyironjnent , . acct^ chains, and /the' .'. 

; ; pos sibiil4 ty pf cairt^^ prbperties /^tt r ibuted; to^ 't^ 

V ; /i the 5^ matferi a Is /are n<?;. idngeV a,ya i 1 ah le ; : ^ = ' ^ ^ " 'it 

Froiii . the point . of^ v:ie>y^:?€^i^^ -hQwevi^r';^" -^^ / : ' J 

. discuses, bo tli; .D^ arid/ ti^^ ] Botft .gtoiips. a^ ' 

act upon thev^hVrvous sy^^ iobk ..at the. -^'•'■^',1 

schematic of the / nervOUS'^ystem a_galh Ih; thi^V.ifi , v ■ 

what happeiis i^ritlv.regard jtb, th pres<ence'''b^^^ 

* : apparfently uristabil ize's the neyve fliembr^he which, we can s'ee 

^ \- ' :"■ "-^ •'. .■. 

is ;a changed membrane. DPT pXieyents this^ membrane^^^^^ 

■vv ■ 'j ^ ■:^ '^v .-■ 'V • ^■• /r-■■■:■^>^:' :'' .. ,:• '■ 

regaining its charged state once a nerve" imfjulse ' has^^ p^^^^^ 

,^;down th|^^|;j^^ results ' in la ver^ riapid ai:t^ 

' ■' ■ , hervai|$^i^|I^ V ' I . • ^ : . ■ 



producl^^iE^^^ DDT tremors . As far "^is the mode of ^ 

- actiori ^^)'f'^tn"e cyclodienes is concerned, what' haire to sHy 



in. this Insjta^^ is; vthat;^^^^^ many years of ^a^tivity " . 

in searr<hing for; thfe ^d^e'^bf act ionV it remains largl^ly'^* ■ / i 
.vunxnown«<v^..\ • - -v:'"^"--^ V'-/ ^ ''v- '-'v-^^.-'. : 

I Kbuld 1/ike' to turn next to aVdi^sicussion of • . V • 

groups pt insecticides which 

s Iqwiy at the* pre sent t ime;;: which ma^ . be of ^impo.rtanf:fe^i. 
; tO'US in the future . This group of materials/ w6;can.. ! ' 

• refer to as -a . clas s , but in , this^ case wep wi 11 simply say , ^ \. 
that . they ai#e biological inseCt^i^cides .' There are ^.^wp '^uc^^ 
groups . t,^^^^ perhaps worth* discussing at the; pres«eTit " ; - : 

t ime . \rj^ f i r s t of these is ' thie result; of the - Sc t i on of ; 
r certain microbial organisms. These organisms can be •grbwh^^^^^^^^^^'^^^ ^ ^ 
' in culture and produce a toocin vfhich is -harvested commerci''ally 
' and transf opniied intb an insecticide. When^ tJiis is accbmplished," 



.■■ ■. • ■ ■' ■ ■. . . . . •• . 

.».•.. .■••■I : •<>•,..•, ;. ■ ■ ' . ■ ;. ■ ■. ■■■v.. .5' ■ • 4 • : ' . ■. 

.-/..■■■■•:■.■•'.,.■■; ■ ■■ , . 

^ t^^ for.mula'ted in . a> appr<:^p'riate manner i'^ .7, 

be ap^ired^si mil arty jr^ .t'haV whaich-i^^^ .woul^i :do, with^: . • V 

..-re^\ilt:s'::tjf t^e - toxin.. i^/ rather, ilimif^ |; - v';; •• 

V" «. ;^;-..pr^^^ be. a matter q£ the material ^ : , : I::'- : " 

^;:* -r v¥:^Ji^^P^^ jUgested or. eaten *by : the ihsectV .': Once^ Vs'ider' " ■ ■• • 
V/-- defceriorating conai-- . • - 

• ■ ••; ;t gast rp^n-tes t ina 1 .t r^c t . ' ■ Materl ai's pene t rate ' : , 

• cavity' and producg- aji uri:stat)le. J 
^J|^?^h>^^?^&ical c^^^ which is ; letfeal . ; The nature ,of ,tl^t ' ^ ; •■. 

'^ •;'-#oxi^ is not weii understood at - the present- time:. : : f t^- 

J • j-;;^: • Th? chemical nature p.£ the "toxin is. not wel-^* known ." This , * ' 
. A^^'j if „beijig. investigated: aTndi wW fe^^^^ have adiiixional •■ ^ 
.V; '. in :thfe reiktive^^^^ near future, • ' - ' . > 

•'^ is one we can refer - V ^ - 

' ; \ ;-..to -as :hbrmone ariaiogs . ' Thes^ ■ imatei-ia^^ are currently -in,. : -.^ 

thfe :pfocess of cieyelOp;nent; and^a can expeci;. t:hat ' . 

. \ ' a .nHilnbfer of them, will-be .^vWiiable " in the. years^ahead^ , •\ i ; : ■ 

• ^ / -/^'P^^ actiin^^ V 
r. ■ ^ Vgiven ^substance.: i;s studie^. ;and become? reasonably -well ■ . ' ' 

^r.vihderstood . of- the j^roduct or the naturally.' * " 

.• y ox;cui^ring matert^^^ isjilso u^er^toodV and, attempts :^are^;. . * 
. ni^.v^P^,# •.-.^ 
■':.V:,;;thi^ :'s&b§,t:an€e: :in''';4iiS' iiY^tajipe- ^^Ir^-^spfth niat^iili ■ 
formula: t^:^^^ ^ '^^ . . 

\ is tcy; 

. . m t^he fio'riribnal ^material^ and pWliaps--^^ :^ * - ' 

. accentuate^ i t ']t:o some;^xteht Whati/Wp^ ikfuld b:e. atteinptj.ng.^,. 

^ o s.., tb :,pr oduce^^:^^ ^biiorifrai - e jE\f ect • re 1 at ^ o j the * hornj^' 

• ,.develQi)mfentai: effect . In th.iV,way, ■ 

/ : V ' ■ ^^^;^^>'^ po^S ibl^ t^ tilled norin^l dev^lcyi)inent 

VV- ; . of the insect ' that- it' may- resuibt ' in, the^ prcMuctaoh 'of ■ 
, ; ; . ;.a^n extra,^ something of this'^natare . ' ' 



• 4. 




8^ 



Alterriatively, we coul-a.^hope ..tfT. infierfere with thfi normal 

reproduction o£ the ^insect, and Thereby limit p'opulation 

■ ■ * ■■ .-v ■ • . 
growth. '., , 'rr-^ ~r -> 'V ■ -.^h,' v T'^- 

I thini: that we ca^wlook forvTard into the* future a'Ad %ay % 
that materials sueh as 1 have just- been discussing wiar 
assume greater importance in ^^the future. We can , expect . 
to find some of these materials avail-abl^^comiij|^pially ^ i 
the years ahead. I would also like to say in this ^'nnect ion 
there isi extensive reseai'ch going on at the present time ■ 
attempting to develop nmterials which, are relalted to "the . ' ♦ ; 
chemTcar ^^rpups of insecticides discussed earlier . The,.j 
on^s that are. perhaps of the most importance^roin thi 
of view are the pyrethrin insecticides.. Thefe is considerable 
activity going^on at> present in which new pyr^hri^n-like 
materijals ire being synthesized in/the iabbratory. Some 
of the.se materials look quite promising a^id we can probably 
. expect to hear' more about; them in the future Likewise^ there 
^is' research activity going on in .^the DD'P group of insecticides. 
In this inJS^tance, the hope is- tha^, ma^terials pan be. --deve loped ^ 
in the laboratory which will jretai^ some of the desirable,*' t 
cnaracteristics of DDT', but which Will eliminate the 
undesirable Effects./- In this way, we. Can perhatas avoid some 
of the .envir.onmental hazards which havg arisen out ; of the 
us^ircof DDT. SoV with this infcS^niation, 1 thinkg/we can say 
that we can look forward 'in the'I^future to finding *newer V. 
insecticides whlicK will "be of value to us . '\ • . 



BWSICS OF .HERBICIDES (Dr. J.. S. Coart^Jiey) 

There are ijjany herbicidies on the market today that will. do 
a variety of jobs. Tliis discussion is concerned with how t ^ 
herbicides Work or the actiton by which they are able to j . , 

ki;il plants. Before we can really understand how herbicides . " 
kill plants, we must understand a little about basic plant ' 
growth. In times past you might/have had some botany, or 
morphology but we will go bacle^aj^ review some of the functions 
of plants which will help us in understanding how herbicides, 
work. ^ . • - ' 4 

Plants , like anima:ls], are ^living prganiiirts . ^ They .require 

food, water and a favorable environment in order to grow. 

Of course, there are many 1;j^pes of plants and they have.- 

different habitats ox environments which are best suited to ^ • 

their growth;^ JVe divide plants into the lower plants, and the 

higher plants. The lower plants are algae , >b^cteria, fungi \ 

or as weeds /are called -' the crop ''plaijts and weeds belong to 

the flowering plants or hi ghei: plants. ^ Each: year, we get many 

weeds sentm , for identification. We have about 500 

different, weedy species; th^t oc^ur routinely in agricultural 

prevductton. \ \ - 

The; higher or flowering plants ara divided into two main ' 
groups:,r«.the mpnocots. which have parallel leaf veination /and: " , 
d^cots' which'haV|ig a net leaf veination . .Gorn is a grass' - ^ 
or mg^iocot^and a-be^n is a brbadleaf or dicot . iPl^nts have ' ■ - ■ 
roots, stems and leaves'. Uter .they produce flower^ 'ffurtsTa"^^^^ 
Plants are atso -divided- on the basis of their life cycles. / ^ 

Those which ar«e ann'uals .live one year . They germinate , grow, ' \ 
flower and produce seed. within one year. There are ma^ > 
cojpmon examp.ie$ of Annual weeds .. The mustards and many of 
the thin'gs that we would' grow in dur garden are annuals. . ^ 



Biennial plants, like the thistle, complet^their life cycle 
two years. The first year they grow vegetatively and the 
Ssecorid year, they produce flower^^nd seeds; 



'VPrennials are plants which are those which grow for more than 
tXMo years. Prennials are very difficult to contrpl becaiise 
♦they "have underground storage systems that are capable of 
storing large quantities of food. It is difficult to get 
chemicals down into this underground root system. \ 

Let's look now at photosynthetic process or the manner in 
which gi^een plants are able to produce sugar.: This is, the.. 
, process whereby light energy from the sun is trapped in the 
green leaves of the plant and then converted to sugar. This 

process is the basis of air life. Were it not for this 

* * ■ * . ■. 

photosynthetic process, there wpuld be no food for human's or 
other animals. The Ifght energy is trapped inj[ the green ' 
leaves. ^ Leaves contain little structures called chloroplasts 
which house the chlorophyll molecules and give the leaf its 
^reen color. Carbon dioxide? from tlie air and water from the 
roots is combined in the presience of the chlorophylT in the 
green plant to produce . sugar and oxygenv The sugar 'that 
is produced is rthe.n convertec^ into many other ingredients 
within the plant. It is converted into starches, proteins 
and many other substances that are required for growth of 
the pl^nt. Growth occurs by multiplicati^ o£ the individual 
cells and then e n 1 ar gemen t ^~amd"i d i ffeT^TTiriari o n into various 
i^taructures . 

Now that we have "reviewed basic plant : growth; we can talk 
intelligently about. how we can kill plants . ^ We .mentioned . 
light, as being- a b.asic requiriement for plant growth or foo.d* 
making. It^is a ^j^on^^ractice in ^^g^ or small landscape 

^areas td.,use a blalck plastic mulch in order to shade out or " 
vkill weeds. The black plastic withholds: light and eliminates 
•the photosynthetic process arid the plants starve to deatlRi. 



All of us know that water i^^^ for both 

animars%nd plants. In. te^ilii'of weeds, we can 'withhold water 
, by .ju.§t pulling tbe weed up a^d letting it die;,; Walter can 
be withheld from the plant, chemically by use .of salt . I 
am sure that most of 'you at some point have poured salt • 
around a plant . or weed. whicK^ resulted in its deafh. -"The - - 
salt /draws water, from the pla]n||^ and^restricts the nioveiment 
of -new water into the p|j§Bt Realising the plant to dessicate ' 
and die. .We cari^also have tjie other extreme^f too much 
water. This is usee} to owr adv^^ffage in the production of 
rice yhere the . %oots of tli^ ri^pe *wil^ toler^ very wet 
conditions i ^he reas fiah>» of tbe*wfeeds will not; tolerate • 
extreme wet "condltioj^s ^ ^ 

A favorable temp|i5ature is essential for the, growth of .plants 
Either iow o^: hi^h temperatures will limit plant growth, ' 
In terms of \^eed control ,> Jack Frost is well known for his 
ability ^to control w^eds. On the other extreme are th,e high . 
temperatures which have ai;§o been used to kill p|iants. Flame 
1ihrowers.:Have bef^n used fpr many years to kill weeds-. This 
is re^f ined somewhat, with the flame . cultivator where , we^ are . 
*able^to ebtain selectivity; In the case of the flame'^ 
^^ultivator, a flame is directed at the base of the woody 
. cotton plant an4p it kills the annual weeds without destroying 
the 'cotton plant ,; ^ 

Another^ group: of herbicides are called contact herbicides. 

■" j?^' ' . ' ■ ■. • . ■ 

Many of you will recognize paraquat ^.wMch is used in no- 

• ..■'v- • ■ ^ ■■■^ ■ ■ k'^y ■ ■ ^ 

tillage corn production where the .fieMs are turned brown 

almost over nigJit after usin^ 'contact herbricide* paraquat • 

The p,araquat destroys . the lipid and^^protei^^^^ . 

surround the individual cells. Destruction of meniibVanes 

destroys the integrity^f :the individual, cells' an4 catises^ 

very rapid, death, Contart^^er.bicides do not movfe .oi^J;! 



translocate wi.thin the plantV Thxi 



ipd coverage' is 



necessary for goodf corttro#*a^rid^^ 
of water per acre and; often a 
or spreVd the mat^r^Lalf! over * thfe ^leaf su^^ 

the photosyntiiet icy/irijte^b^ another 
cides. ♦ We inehstiori^U ;i:^8Hj^ b 



o rV imp o r t ant f o r a 1 1 




hi ghe.r gql^l Idnage ; / 



flf we- can in't- 



wa|r wi th . this proce s s ^ he i^re id^ 

compounds that i^^t^^^f ^ 'y^ 
the. tr|azine- herbrpid^^^^c^zij^^^^ ■ 



tt^az ine 'hexbic ide s ; commbn^ 
er group of pho 



^in corn 

I it oJT i ^• 




\ ' *^ial?$jti:tuted- ureas . ■ ;;;lxQniacii^^«^^ 'MyyiM.is^^^^ 

V* ; member, of . this g^^^up,/' • Tliip'S'i^^^ia^ ■ ^ 

with the metabQ'J,.!^^ pjxDcej5se;?^^iM^ thi^-fpl^ant^^^ 



. p 1 ^ritvandjvidie^ .ij^l^P t osyHxhfetic^ ^ ' \ ■ • . 
f^:^eact^?;^<w^ r^^.res ^ oril^^ . ..^^ ■ . 



sugar is. syfth6.^^dv^ 
. they prevent 

'"*'^amport an$^ to not^^^^^^'^ " . v tL: j*^ 

^in extremely 
. ^VthiSi plai 

qujEtiit i 1 
inhibits 

quaritrty^ in^ the pi^p^^^ ^^^^ 

^ Another group ;qfy|i^ tKe r e sfi!E!r at i ogr^l^ ^^^ m^ ^ ^ * • 

which interfere wii^th' the ^r<?5;cess of ."i 

Is . the utiliSiation or th^-'1)re^ Te-suit ing?^;'! . ■ 

. ^ -energy ; . This is in essencaftjUst thf^j^'lvj^r^ of, nhalosynf^^ 
Indeed , they have many, of the coTiunon anterSifediat^e^j^ -Du-rij^ 
' respiration, starch or other 'food sources ^ve c^^^ 
" into carbon dioxide and water . The . resultiia enesrgy 'is; i 
used to make other' intermediates within tliic^Mant arid growth. 



* 
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Another ".grouj^ of herb^ciAes ;ire .■'the prot^^^^^^ 
■ Proteins : are .essentAaJ wtth|ji pjin^^^^ 

and enzymatic- protein^.-.: Structural protei-ns "giv^;,. s 
to, th&..p'lan>t^^^.c^^ membranes,: *En2yina;^^ic tjrotein^ are 
: : • ■ ' which' kre useful iri,>yrt^heti4:3ing chemic reactions . . «A's 

He ;menl:ione(i- eariie^ ^t*ey ^arl?^Te,cuiirei^^ Only jninute\ ■ /" 
,:amOunt s .'and dnMbitors'. tha? -^nhib^ eh^yi^dt ic pro't^in^ V ' ' 
' § ''1; only ' the mitiu^e-^antount,^" ,to- iunx:ti>n as >^eed Tkii ler\. ' 

order ^b, ;yisuali2e;.agst?ruetj?gj'-c^ ,prot^«^^^^ think of a 
-.yhen egg. - The white ^"e^g^.^is -pr^eiri,/ 
Si : ' eggi;' the egg coagulates.^rminjg' * iviteid -^t^fiKziti^i^ 

/•ee-e: protein is led..'" SnSfe hMi\'n^T Ao.J ■ 



in this same manner wi^h jn- a pl^t' 



tnax^ inre>?ge:i^ wi^M Celi^i^i^i^ion . ■ ■■K--'r:- v 
;omd|^x^p«C€/ss Tjil^reby one' ceil < " %is;^>.-ii.- • ^ 
). ::mere ate m^ny pr^ifes^ 
Lp#;aj\d Allele - are not we^^and^fsto^^^^;;;,,.;^ 
■fere wisli| ts^l dftvis ion prbcel^s'?ta*fe*^'''-""'''^';'' "^T.'"' 



,.5i,.::.|.v. 



And t her group, are those that int&^^ife 
Geil division is a very- "com 
duplicates or becomes two' 
inypiVed irith cell divisip 

TVoyherbicides . that: interfere WijlH tS^l dftvi 
■ ClPC^ and another dacthal..^^ Thi|e ~a4i^ common preiflhergenG^ 
herbicides wh.ich act at thjs g^inV points .^:i5merist«ms,'pf^ )^ 
the- plant . The plant - "is unaj)le iifif?^t^#<?e/)ieW;;|^^^ 



.process' 



cr. 

•Si- . r 



normal manner and we. haVe .a 'wfflEMMe^herbicid^^^^^ 

Another , group of he rbicide 4 axSe the^r^wth regulator he^bi-* > ■ . 
cides.. These materials have^^t ^r several V^ft^i ' 

the 2, 4-D being- the oldest, and j^^^^^ '^^l. known Q^hef gWwth , 
regulator herbicides . Dis.coVered -;ba<4'\in th^e 40^^lurlne , ' ' 
actual war research, this , materi.al w^ 1^' a :vlr'y 

potent ^inhibitor of plant growth . It'' s ■ b%%,stud^d for' 
several years since , then, and stiisntist'S still d(t not'.': 
completely understand how it .or other growth ife^lators are 
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able to control pli^^^ :As more and more studies are 

completed pri plant^^^^ they're able to actually trace 

these materials back^ to the nucl^^ acids. The nucleic acids 
^^iithin nucl.e memory system or the 

brain, of ^ a^^^^^ can work in the. cell at 

the brain level, they can cause wrong directions to be sent 
resulting in distorted or disorderly grp>^th. As a result o£ 
this disorderly growth, then the plant is' not capable b£ 
completing its li^e cycle. I've heard many farmers use this 
expression that 2,4-D causes a plant to grow itself to death 
and, I guess, this is a good ari;explanation as any because 
when' we apply 2',4-D to a plant , . we see that it does grow 
faster and in a. distorted manner. . 

Now that you understand more about how these materials work 
in; the plant, let's look at ways of gaining 'selectivity 
with.a herbicide in a weed-crop situation. In the case of 
the triazines which are used .commonly in corn, the corn has 
the capability of rapidly breaking do\m the triazine molecule. 
The weeds in this case do not have this, capability or only 
to a very limited degree ; thus, the sin/azine or atrazine 
gives .'considerable selectivity in the iorn because . the corn 
will metabolize the triazine molecule and the weeds will 
not. A similar situation exists. in the case of 2,4-DB which* 
isi:used in legumes. Only in this case the 2,4-DB that we 
.apply is acutally. an^ inactive. mater^i^jL It is broken down 
..within a plant to the active form 27^D. It so happens that , ^.t 
the weeds are more capable of breaking 'down. 2, 4-DB than the 
aiffalfa or other, legumes^; thus, we have a basis of selecf^vi 
an^ the wee^ converts into 2,4-D which then results in.i^s; 
dejjf^se. Another way tjiiat we're able to. ^gain "selectivity I 
iy througfi movement or placement of .materials in this soil . 



Take again the^ triazine mole'cul^. with ^which you;^e familiar A 
Simazine is -safe to use in ornamentals only beciause it remain's, 
at or^ near the soil surface* above the root .system of^^e ^lant 



1£. it were picked .up by the rotfT system o£ . the plant , it" 
would- caia^e injury or 'even death. We have other cases o£ ^ -v^^^^ 

.selective wetting where one may have a waxy leaf surfaced -'^''t^ 
.such as -garlic, which is difficult to wet. . Therefore., we. . -" 
find that garlic is hard to control. Knowing this, we . 
can. go to . a formulation that will -dissolve or work its way 
through the waxy leaf surf ace . We are able to gain entry' ' 
of the into the garlic plant with an ester formula- 

tion, but not with the water soluble forms like the amine _ 
formulation. Another way relates" to the growing point of • 
the plant. The monocots, (grasses) tend to have enclo'sed 

. grdwihg points ; whereas the broadleafs have growing points 
that. are exposed. Thus, contact herbicides often give more ' 
effective' broadleaf weed control than grass control. . 

These are just some of the things that are involved with .v • 
the mgde of action of herbicides, and we cannot g6 >into ; 
great detail at this time. 



FUNGICIDES AND THEIR ACTION CDr^^R v|:#^^ f 

Today, I would like to give you a brief fintroductipn to 
, fungicides (fungitoxicants) jk/ Even though this presentati 
is *very short, - it sfhould provide the basi^>/ salieilt features .^ 
of this unique group of pesti^fcides . . 

Ip.;.goes without' saying that fungicides, are important, if 
nWt^ in plant culture. Although the manufacture, 

and utilizatioji of fungicides do not equal that, of h^rbi- 
cides and . insecticides , the total; failure in the culture of 
many plants can be attributed specifically to the failure 
of the grower . -fo apply the correct fungicide in t^je proper 
manner at the correct time. As plant protectionists,: 
hdwever. We need to consid.er seriously the integrated 
approach to disease and pest control . in general ; that is, 
we need to implement alL known pest control measures 
cultural control, biocontrol , host resistance, chem|cal 
control ,^ etc • Then, in the chemical control of pests, we 
need to consider how fungicides might be used most effectively 
in an integrasted program with insecticides , herbicides , ^ 

nem^ticides and possibly otherttypes of pesticides.. 

' . ' . • ■ ' ■■■*■, ■ • ■■ 

TERMINOLOGY - is an 'essential aspect, of und^^^^ any 
discipline, and the short glossary below pr/)vidfe.s brief 
definitions of basic termS^: . > 

.■. fungicide-^^- compound used specifically tQ kill f uilgus • 
fungistat - compound used specifically to inhibit a 
- C " ' fungus ofteri^ plant ■ 4i3ease fungicides ' 

present in sub-lethal concentrations only 
, \ inhibit \ather than kill tlie target fungus . 



, efficacy -'relative activity or effectiveness oif a 

fungicide by which it " can kill jfuhgi or " 

■ ^ ; ^ coritrpl plant diseases caused by fungal 
pathogens; * v 

residue that fungicide (or pesticide) which remains 
or is left on the plant surface after * 
application. The marketability of a fungicide 
depends, in part, on how residual^ it is. If 
applied in proper concentrations at recommended 
times, the product must meet legal residue :. 
tolerancesl.- - : / • . 

phytotoxicity - tli capacity of a fungicide (orvariy 

pesticide or chemical)- to. poison or injure , 
the plant upon which it has been placed. 
Bordeaux mixture, for example, is notoriously, ,^ 
phytotoxic While the fixed copper fungicides'- 
are less' phytotoxic. 

active ingredient (a. i.) - the actual fungicide itself 
.usually^ given in percent,, in any of the 
commercial preparations - wettable powders, 
emulsifiable concentrates, dusts^ gases*, 
granules, etc^; 

iherts - the non-fungicide (non-active ingredient) 
constituents of a commercial' fungicide 
' preparation. Irierts are composed fillerjs, 
- .spreaders Csurfactantfs), stickers Cflour, 
gums j res in^^r\jCasein, etc.} and other # 
substances. 

LDgp - the lethal close of a. fungicide that kills 

50% of the test Ropuiation of the target 
organisnNJ^fungus)*.; With regard to efficacy 
. in- killing\fungi, the lower the LDrx value^ 



6i 
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the better'. However, with regard to 

- toxicity to^ani,mals or humans (the applicators) ' . 

the larger %he LD^q value the, better. This 
\ . - distinction is mos t important to note . . 
specificity - ithat attribute o£ a fungicide to be 

specific in its killihg ability for cert^^n • 
• ♦ fungi or certain .classes of fungi i Somfe^" : 

fungicides, are broad spectrum , or have low. .' . 
specificity, and kill many different kind?:'. 
\v . • of fungi; others, are narrow spectrum in 
• • 'v^ only very few .. ' . 



; fungi.- Specificity and. spectrum "^of . activity 

is a very important consideration in select-' 
^ ' Ing fungicides . \ > 

prevention vs. cure of plant disease - prevention of 
plant diseaise is always the best approach 
; and is ac h i e.v ed %i t ]t f un g i c i de s; by jfrotecting 
the uninfected plant •g^iirf ace with an 
appropriate fungicide. These, fungicides * .;^ 
.{ are known as contact fungicides , preventa- 

/. ; tives or protectants.; The treatment . 

(therapy) or: successful cure of established- 
disease .is accomplished on a v^ry limited' ; ; . 
basis in plant pathology^ ' There.has been4 V 
success in treating Dutch elm disease .in /. 
^ ' very early stages with surgery* and/dr . 
■systemic fungicide Application. : , 
conventional fungicides are the major grotip of 

protectant, compounds applied as .dusts^ 
. -Sprays, to plant surfaces, and do not moVe 
into or. within the treated plant. 



systemic fungicides^ are compounds which , aftefb • 
. . applied to plant roots (oii l^s^fe frequent lyf ' 
, ; shoots) ape "^^ken up and 'translorated within 

> plant. . They may function preventively 

; ' or ciirativeiy in disease* coritrolu.^^ * 



^ To-lerance - is t]:ie "defense mechahism" developed by 

^ . . the target fungus by which it becomes 

^ insensitive; to repeated contact with the 

same fungicide. This is believed to. occur • 
' through selection and geafetic processes . 
For example, Cercospora that causes peanut; 
" * I'eafspot is becoming more tolerant to 

obenomyl, and therefore benomyi can no longfer 
■ \- provide the disease control that, it did at 

' \ "■ . • £irs-t\ ; ' 

■ ■ ■ . • '. ■ '• ' ^ ^\ 

BA^IC REQUIREMENTS- OF FUNGlGIDE USAGE > must .W ujidexstood,^^ 
and ''a'rf ew are :: ■.'i:,.'--: ■ "' ■'W.' : ■ 

. Proper* choline one must hit the target ^oi^ganism; for.y 
V ^ example, vo^.e w.auld :riQt ,choose benomyi to 

r ; 'M tontvbl water mp,lds; - ; 



- B&per 'timing' - one -must ■ apply the/ fungicide at the 

■'■■'■■V M' ■ ■•>:.•.•' .■■ ■' : . ■ ■ \/-- ' ■ 

, . ber^t 'tim^; foi» example, funjgicides are not ' 

■ '^'y'^^M.::. . V applie^i inflate summer td^ control leaf spots/ 

"S.: "'/r";^-,- ■ . -^Ipf. Ian4seape/)t^ees • •■ • * ' •. : , 

I- .. .i**'9^^ ' 'on® must '^^^ the 'fungicide .on the ." 

\ A Praper.v splubili;^)^^ most organic £ungiG|des. a^e proprly . 
V" ' ■ ; i. soltible\n w^belrV but' a certain, aindunt' of ' 
' ... ' ^ ; t. soL]ibi%Ity is. essent ial ^so' {that t fungicide 

ove into - kill tJfie fungus . V ,; ; ' 
Proper farmWations ^ - must ^be qhoseiiv.tO get the "best 
;. done. ExampJ.es' ate^^i^^M^ - 



; ■ ■ du^ts , soluti,oi&, ' etc ^ :: .//;■■ ^ ' ^ 

■ , Proper DOiverak'e - is essential to provide ijiaxi^^^^^ 

: ' * protect ion.^ To achieve this&, spreaderiS: ■ ' 
• * - , (surfactants that lower .surface ten5ii>n).' 
r ; x. • and ;st.iclcers C.f lour j -gums , resitis , . ca^iri, 

.: ^ . % . ' ' et c . 

^' ; ■/ are^iaH^d^ '■ :''/y;-r::}■&■j:^'^ 

In■.addTt±cin io:, the se t^qui r^inen^ ^should • V= ; 

-not injufe'^he plant :^^n which it is placed; ■ > : 
■.;'^-^Re;.;r^^§;ona:ble ' i':^ '^ ' 

-^ : y;]'^ ; - . - 

' - ^ . -]|^ ^ompatitte pesticides , especially; y 

. --.itLsect icides';- ;; ■■ •■ ;,; ■ ' i-^v 

. -be relativeiy /stab'le ..but noV too residuai ; and - 
. -always have cqmplete^ r^ both state. ari4 

■federal,^ • .■ x-- " 



. *. 



FUNGICIDE USES - are matriy ' The major one s^^- are.: . . . 
. Seed treatmertt^ ■ - tp^^f lbrd'pr : 
and- sori-borjie^^^t^ 
. . , ^ sprayed, onto seeds . Ge-nera^Lly dAne hy 
■ ' seed^companie^s . Chloranil 
i ' ' e£fectivp^ seed treatmdht fungi cicies.-^ ^.-^^^^ ' 

: ' -Sail: tte^tiiient? - to help^ rid-the ;soil. of fungaK^^^ / 
V i^-. . '. pathogens is accompiished* in, some cases ? : 

.:' . ' ^ by applicatiori-^Ojf "furigicides-to the ;f^^ as- 

. . . the sieed is ' plantedV . . . . ^ ;: 

Fdli'dge^: trea;t:ment - is/probably ' the common use v 

: : 7' of . fiinlgicides , and nvettab le /powder ; foxm 

•y:/*:; ' tions the :mo5 .blast * } 

t spi:^ayer5- that apply high volumes and o 
' / ; * 7;' fungiciUe; concentrations ; or low VollapeSr^ a^ 
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■„ '■ ... " ;V . A ■■■ .-. ■ ■:>■ ■' ., • ■■; ■ •• ■ -' >. /"i- v'ti • :/-^:\' 

-^J- . ■" ' y, ■ ; .■'■■••'.y , . ^'^ 

-'.^ *• V ' • high' fungitide cdncehtr^^^ ar?. very ' . ' • " 

■ ■ ; ' ' ■ ' effective . r Aircraf t^4^ ;^also .used>. ' > " ' 3^ 

;•. . . _Post -harvest treatment of /f ruit for e:!^ampie', has ' ' .. ' ' ' ^ 

V •• ■ ; . ' been; 'use4 with Vsuc.^^^^^ Jhe. maj or. prob.lein • : . • 

V ■ - h^re; however', has beeni that o£, i-esi.cfues . ! ' . • 

r • GLASSES Of FiJNGICI-BES shdul d rnnciiHprp^ Vn •y.^Tj^- . i,o . ' . 

V categorize; major griolips-^and- examples:- of' each.;' Fimgiciiies • '. 

; . can be classified in. d'rffererit' ways. Tor example; one .• ' •••'■>.. 

*f ^^"■^'^ iprganic^ . -'lioW-:' X ; 

y- * ever , the' following ^categories; appe^-r to be the most, commonly; .' > ' 
, , . . use4 and pe^^^ the- easiest 'to, tememher. - • ' . * ' ' 

, ■ . V Sulf^ the *olde St- known -fiing^ici'^^^^ ' 

: ■ ^f - ' ;* • ' •; against- pow^y.-miiaew/^ Comtfined jwith lime ,A ; / 

r'^ • - it used as, Hme- sulfur )j,Ve ' 

. ., ' ' • - peach leaf" curl and pther.,diseases': 

. : /' Copper - . is anotK^r bld/'but effective fungicide V '. v .. 

: . ■ V ■ ' ' . . Use,d as ■:copp''ef ;sul,f ate with lime in Borcieailx 
-:, ■ ; ^ ' . "^ixturfei:' is ;-highi.y e'ffective.y but h 

/ .'f*' : ■ ■ ; ^ : ; : /. ^ . ' ^|^?9Td|^"^' liiixture is phyt0t>O5!:ic in .majiy jC ; f . 
•i"-' -'^^ - ■ - . da.ses". ,Fixed>coi3peir's.'.a'x4 much less phyto- ■ " " 
: "'^ I. toxic. ;Coppe,r. cbntrols fhany fungal and. ^ ^ ^ . v 

'.* .■'bacterial /dis^easps-. .■ .^i;.^, ' ,/;;,:/■•;■■■>..; 

.r;- » Mercury - fung|;ci<ie;s are/aiAtDng ::th!e; mo-s-t ei f ecti^ ■ . 

^ ■ V * v ' ' ^ ^.been used"^ seed- > ^ v - 

'■. V ^ ' . • their ■long- rfesidufil 'an^ . • • ; ' •;. ' 

. -• ' ■ ' •;. " .: ^and. toxicity^ .tori I'ite /isys^jems , ^tiiey hav^', bepii;, • : 
':V'^' . -'V- ■ -^anne^ ;from;'usyv;-;-':,-'-: -y^;-:-: .. ■ . 

••• • /■ .'BitBibcarbamates; tirtciuddng*' t^ie^^ ' '^v: 

i- ■ ' - . ^ ; , ' 'carbamates) 'are-' the- V'wbl-k^^ thfe^ - ), ■ ■ 1- . ■■ 

. ;•* . • ' .* • . . fungic idles. The f ipt/'Oirganic fungicides.- were! •' s'. 
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the dithiocarbamates, shown to be effective 
i^; controlling a very broad spectrum, of 
ciu^^^l organisms in the 193.0' s^^. Examples . .. .^ 



of^^*^ group-"*would intlude thlram , f eirbam , 
z,iram,> <nabam, -^ineb, mane^ and others,/ 



HeterocycJ-ic nitJrbgen d^mpounds Constitute ^a very / 

important, group^'f fun^c^ides. Important. , \ 
exanipierS are capfe ji, a very broad spectrum 
toxicant , difolata^ i^nd glyo-din 'used common 



on control of ^ruit diseases / ' ■ 

Arpmatics have the**^enzeue ring as. a cq^mbn feature *" "^z 
of .their chemistry. Examples are: (IQ. phenols 
* , such a^s pentachlorophenol - used as a woo'd^ ' 
.p-reservative ; (2). the quinonfes' ^'sUch as 
^ chloranil -^used in seed treatment ; (3) the 

^ ^ nitrated benzenes such as PCNB (£entachl"6Toni ^ 
^ \- trobenzene) - used as a '.seed treatment and §oil * 
fungicide; and (4) botran - used to control ' 
■.Rhizopus rQt of fruit§, and (5) the aromatic 
/ ' dyes , such, as Dexon - used to control the . * " 

, waiter molds . ' . . 

"Ant i}y.otics . - 'are compounds produced by assorted 

microorganisms that have activity against ^- / 
* plant disease as well' as ^uman> and animal 
^ ' pathogens . A gobd example is Agt ^T/^t omyc i n , 

used in both plant and human diseases ^ that ' 
. ' " is effective against fireblight ,of apple , . 

and pear >^Another is cyplohfeximide , an (^^. / 

antifungal 'antibiotic uspd, -to control / 
• ^ turf ^nd other diseases. The tetracyc rlnes : V : 

■ : ^ have good activity against . the mycloplasma- ^ 
.like organisms .that incite "yellow'' diseases 
' . ' in several impbrtairt plan'ts. 
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S)rs.teniics are . the newest members of. the fun^gicide^^^^^^ " 
. gi'oup o£ pesticides. .These compounds are*.'; 

, . . . • 'SO named.because tfvey ha\^,>t1i 
■/ . prop^srty p£/;b0ing able/A^^rfga 

' ,and movQ withiri' the:,pHnt;^£ter ap^l^r^^^^ 

These^, compounds are-also^se'(J.vas conventioriar 
. contact. §pray ;fungicrtles'.' Impb^rtant groups ^ 
: are the - benzimidazoles gucK- a^ J^^^^ 
: J thiabendazoiV ,used'^\o contWl . avv^^ f ' 

variety of plant diseases , the oxaXhiln^ /: 



siich as ^P.la,^^^^^^ - used to ,<fori.trOl/ 

.smut,s arid loist^ t'hiophajia'tes whfc^h g,l$o ; . 
• • . : . vV haue broad/ spectrum act i 

. , . ^ \ benzimldazole^-; Many other groi^^ o£ systeinics 

hayfe been lajn'd . aro being synthesized and teste.d. 

Not included in^ this li^stiiig ;o£ ^fungicides^dre the. very 
iijport.ant groyp of soil fsterilant^ .vhich^^ th^ capacity 
to'kill many if not^ all forms of life in the soil. ^ ' 

M summary^ theaV -there are many/ di^^ i , 

:.£uAgicides , designed for specific/uses. These oompounjils have/ 

various spectra of 'acti\^ity as well a^ modes of action in - V.. 

controllang\^the various plant . disease fungi . The best com- { - ■ 
;pound should .be appall ed -at ^J^^^ in the recommended . " 

manner 16 achie.A^e- optt^ One ishould always consult^ 

the VPI^SU ExtJ&tifion .Diyisiori for these recommendations. ' : 



ROD^Nt'iCII pes' AND AVICIDES . - MODES OF ACTION (Dr'. Cros 

V • .■ ■ ■ ; ■ ■■■ ■ ^T~-~ 

BoT the next few minutes 1/ would, like *o discu'ss 
the mode o£ potion o£ the/rnore commonly used. ^ 
rbdenticides .at|id avicides/; , p£ the ntimero.us 
. * rodenticides aryi avici'de/s ,>all' have * one short- ^ • 
. . cbming. or another, r'Such factors as tonicity, ' 
dosage: levels, and reTatfiVe effectiveness are 
obviously important. Less ' of ten' considered, ' ^ . 
but of equal importance, are dejgree? of accepta'nce 
arid reacceptance. and the development of tole'Yarices • . 
: ;OddT* -and fraste must be considered in some ijistances • 
Safety .precautions are an essential,., part of ariy 
pro^cedure • An t^^^^^^ mode of , '. 

. action will enable, you'to use rodenticides 'and 
avicides more effectively and; safely , ; / ' 

.^Rodenticides are .pesticid!e's '-userd to control ' ^ 
rodents such as .r^t s ,\ mice ; and squirrels. They 
are normally impldyed^^^^ 
\' \as a dust or volktile .chemicals ;as,ed as fumigants , 
. ; V The most effective rodenticides .ar^ those with a 

V ' high toxicity arid palatibilit)^ with one or more ! 

■ ^ ■ ■ " ■■■ ' . \ ' '■ ' \'"'--..-. ^ ■ . ■ ' •> . ■• ■:■ \ 

^ safety feature's, V ' ^ 
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Rodentici^fe^^ in' solid Uaits or ' liquid forms 
'can. be c^vided into two girbups based on the mode 
^o£ action, the acuteTcr^ and thd chronic 

rddertticides . The acute rodent icides are those in 



• / 



/ 

/ 

/ . 



Whi6h a lethal quantity o£ poison is ingested in 

■ ■/'• ■ ^ ' ■ *■' . ' , ■ ' 

a/single dose, in the food. or Srink o£ a rodent; 

/Some cOm^non acUte rodenticidps are Red Squills, 

Strychnine and zinc phosphide. ' They cause death 

by heart paralysiVv^gastrointes.tinal and liver ' 



/ . damage, 6t by attacking the .central nervous 



■system. The target anima/, must consume 'a lethal 
dps? before'^ the onset p£ poisoning symptoms / A /' 

dose may/produce side effects which 
:will make, the rodeiit "bs^at shy. " ^re-baiting i s 

applying acute rodenticide^' 
/ SQ the animal will be conditioned to the .bait. 
The unpoisoned bait is first presented to * the ; . 
rodents until- they freely feed regularly and^.then 
it is replaced by bait containing ^he poison. 

Chronic rodent icides bring about death of an 
^animal only after the. poisoned bait, or liquid - 
has been , consumed on A number of beeasions. i^Some 



J common chronic rodent icides are Warfari'nv, ^^val , 
/ Fumarin and Diphacinon^. /.Because the poison is 
consumed over a r/eribd of time, a low dosage is' 

•.- .,\: 
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lethal. For example , a brown rat, can survive' ,, 
■ a single 50 it^/KG dos^; but kuc'cuiiibs to. 5 , , 

consecutive ^iofee.s of I MG/KG tra.ken on successive • 
days, T'he symptdims o£ poi'son are so delayed that 
■the animal never, learns to associate discomfort 
with the bait consumption, "and. continues to feed 
uAtil; a lethal dose has been jLngested: The main ■ 
. ^components possessing cl^ronic -ppisoi^^ actiioi^ 
. are^the' anti-coagulants, whicli |interru^ tlie. 
<;^^__^7nthesis of^blood-ciotting factprs" so the poisoned N 

animals die jfr^m interna\|. '.bleeding. Chronic ' 
^ rodenticides are relative'ly nont-oxic to domestic/ 
^. animals ,aod man ; . however , there is no^uch t^ing 
. as ..a • l^sa.fe rodeiitiiide .'" ... - 

- However toxic a chemical poi'sdn might ^be, it* will^ 

- hot be lethal unless a Rodent of it^/ own^ volit io)| 
consumes a lethal dose . / Additives 'are sometim|ps 
included in th^ bait to improve performance. 

. Attraetants vsuch as flavoring or oil.s_ar| / 
sometimes added to bait to make it more appealing 
by enhancing the taste or masking 'disagreeable 

odors Anti-coagulants may be made .more lethal 

' . ■ ■ ■ ■ 

by adding potent ia";ting. agents that' accentuate 
the actioi^ of the . anti-toagulants . Presiervaf ives 



and bfnders are'-us6d /in baits to 'keep'-them jfroiri 

• ■ } ■■' ■■<■%■ ■ ■ ■ ■■ ■ ■ 

' aeteriaTatirig ovfer time. To-^^guard against 

V r ■■■ ^■ -v ■ ■ i> ' . , 

acciderftar Gonsumpt ion off the poisoned bait by 

■ *^ ■ ^ . ■ , 



' ■' y I 

nontarget^ anirmals,, safety ' additive^ may be 

' ' ■• ■ ' .''•■..>;■" ■ ^ . 

4Jicorporated. v S^tni/e^rodents are uuabrle to vomit, 

- it IS 'often the practice, to intbrporate 'an. emetic ' 
agent in th^e bait J • The emetic, agent will .induce ./ 

i vomiting and proyidfe/ a sa^^t'y factor for- tjie ., 
nontarget ahimals( ' -4 -/ . . ' / ' 

Secondary^ poisoning to animals which '^ed on, dead 
or dmhg* rodents 'shburH be anticipated;. ' This danger 
.may be reduced, by removing rodent carcasses", whenever 
jpossibl!&. . ^ ^ 'V \ - 

Acute or chronic poisons may be'used in dust - 
formulations . A poisoned dust is placed in the 
hole and burrows of rodents where, it adhers to %■ ^ 
the feet and fur and is transferred to the moutli 
•^during normal cleaning anci grooming activities/ 

' .... . . . . ■ j ^ . ; . 

This method requires ^ high concentrati^pn ' of • 
poison sincQ the animal can only bei expected to 
.^cbiismi^'^^ amounts.. The advantage of -contact 
dusts is ihat rodents do not Suspect .thf- source- 
of illness. / . . * ^ . 



; In situaffohs where rodents not respond to- 
pois-one.d >paits; or fdusts , a.'£^niigation technique 
can be ja$ed. Rodents breathe ' the . volatile • ' - 
substances and gases which cause death, The iliost 
frequently encountered* 'fumigaijts are hydrogen ' 

■ ^'"^s--" \ • ■ ■■ ■ 

cyanijde and methyK bromide . v 

Avicides. ar^ p'esticide's used tfe con^bl bird's, in * 
pest situations . Some common avicides inclu'de 
stryoKnine, ci^mpoun^* DRC ji339 and 7 , 

Most . avicidps\ are- acute poisons which^ a^t on the 
cefi/tiTal nervous system> The tearctibn time required 
tq.'ki^l a bird varies with the type o£ poison. 
Stryc^niri^ use'd as an avicide will kill birds 
shortly after the bait is consumed .while' the . ^ 
avicide containing the-* compound DRC. 1339 does not 
kill-the birds for several hours , generally after 
they go to roost This difference in mode of 
action is iipportant "Ijn reducing the ^ffectis Of 
secondary poisoningTto animals that consume dead 
birds. Birds dying at the roost sites can be 
easily picked up and- disposed of. 

No avicide has been found that is specifically for 
a given bird, -»thus th^e is always a danger t^hat 
non-target birds will be affected. ^ poison such 



as strychnine 'is lethal to all an^majs wh^le. • 
DRC 1339 is more lethal to starlings and black- 
birds but will also kill smaller birds. -Avitrol 
is.^an avicide which is -used to control black- 
birds.' Birds ingesting avitrol reacf with distress * 
symptoms and calls which frighten -aw^iy. , the 
remainder o£ its flock from the feeding area wxlth 

• ■■■ '^- ^ ■■ ■■■■ ■ y -~ / ■■• ■ - " 

a minimum of mort-ality. The advantage of ayitrol 

■ ' ' .-. ■■ ■■ ,. ■ - •■ ■ 

is that only few birds need ; to aages.t the bait/ ' 

' ■ ' " r , ■ . ■ ' ' • , ' 

.thus a relatively small amount o£ bait nis.eds to ' 

be put put . • . w. v. 

Not all ^animals react atike to ^rodenticides . , Somg 
individual animals, even within the same species, 
are considerably more resistant to toxic effects ' 
thg^n 'others-,. Some effects vary with the' seasdns, ' 
and with age, diet and even sexes, of the animals . 
Dosage levels are usually calculated to iric2fti3e the , 
bulk of the above average r,esistant animalsV. Nothing . 
is gained '|y.i these levels. In fact, such, 

a 'practice is doubly objectionable, for acceptance 
and is usually decrieased while the • layouts to otfier ^ 
larger animals is gre^atly increased. / . 

A \:hor6ughrknowledge of the manufacture of .rodfenticides 




:and avicides wil.l- assist you in selecting « the best 
control measurQ for a particular situation'. / 



NEMATICIDES (Dr/ W. W. ©sbarrie) ' ^- • ■ 'v. 

To deteirmine r the type n'eniaticide ; and method' o'f aipplij^ation 
for plant paras^itic nematode control , it is first necessary 
*to know something ahout the^funct^fo'n^pf' p^ parasitic • ' 
nematode? tfie different* kinds nelSatodes ^and-^^hov they. 
fee^i. There are' oyer sV-^if ferent'^genejra of planfeoparasitic 
nematodes containing ap"proximatel,y 1500 species. They - 
feed on plant stems , leaves, flovA^^ ,* seeds and rootsL 
^This presentation will deal only with nematodes whic^ I: feed 
on plint 'roots since this is the ^mdst important type ojE 
nematode oin Virginia . ■ ; r 

. plant parasitic nematodes are fairly complex animals . ^hey 

. arfe round worms and range from 1/64 to 3/16 of an inch in 

length; t^heir.ef pre/ they are microscopic in s^i^e. The head^ 

portion contarns a^ stylet which is a needle shaped device. 

vfhich thd nematode uses to feed on plant *celXs. Nematodes 

ay eggs which hatch to prt)duce oae latVae per egg. The 

eggs and l-arvae overwinter in soil. The larvae are the 

sta^ of the life cycle where cont;rol 'measures are most 

effective. When nematode populations are high in the soil , \ 
- • - " • — -'^ ■ ■ . ' ^ . ■ 

they cause a greats deal of damage to. plant roots and c hem i*c.at 

ontrol ' measures must be takeij. We also use crop rotations 

and other cultural practices for nematode control / but in • 

most instances "chemickl control is essential to assure \* 

profitable crop production. . 

/two ma i or proiin^^ of nematodes feed on plant roots;, -^hey 
are classified according to their feedijg^ habitfe. One 
group contains ectoparasi tic nematodes which spend their 
total life cycle in ^il and feed along the surface of plan 
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roots. They may feed as jeep as, three to five cells, but 
seldom. enli|fr the root. Nematode rgenera in this group are * 
spiral, stunt, stubby roots, rin| aSd ^certain ^other types. . 
The secijrnd group of nematodes overwinter ^in soil as eggs 
and larvae,. 'However, they spend most of their' adult life, 
witjiin plant roots; therefore, they are called erjdoparasitic * 
nematodes.* Time of chemical application to control nematodes 
is dictated to a large exteint on whether control is being 
used against, ectoparasitic (yf^^doparasitic nematodes. 

H 



tendoparasrtic hema'tod^es such as root-knot, root-lesion, 
/cystic and certain other nematodes are' found in Virginia. 



To .datQ there a"re^ ncr practical effective nema'trcides which 
can be applied to plant foliage and' translocate dow_nward 
for nematode cojittol in soil ^nd roots . Vrj date is- moderately 
effective against certain nematades. when applied in this ' 
manner. However, more research and development needs to be 
.conducted with this' compound . - . /' 

The two . maj or. types of tre-atment for nematode control in 
soil are soil fumigants and no.n- fumigants . FiAigants * / ' 
are liquid ' compounds which have a high vapor pressure that , 
causes them^ to diffuse through soil ^ These type compounds 
such as D-D, EDB, Telone , Me thyl Bromide and Qthers were^ 
the first group of compounds used' for nematode control and 
are the first generation nematicides. Chemicals such as ^ 
D-D, EDB, and Telone must^^be: injected to a soil depth of 
approximately 8 inches to provide adequate ^matode control. 

The new second generation of nematicides are non-fumigant 
organic-phosphates and organic carbamates. The^f irst^ and. 
most effective nematicides in this group are Mocap; Temik, 
Nemacur , and. Furadan. Thes^ compounds are applied^if f ererit ly 
than are soil fumigants . They ^do not iVave vapor pressu:|je 
and diffuse through soil as do soil fumigants. Nonrfumigant 



. nemati(^ides . are.^applied. to the soil surface and incorporated 
to a depth necessary for nematode control/ the necessary 
depth o£ ^chemical incorporation in soi.l varies wij^th the * 
type compound. A compound such as Mocap can be. incorporated" 
lightly and will be moved downward into the root- area by soil 
water. However, a compound such as Das'anit does not mpv^: 
readily with soil water and must be thoroughly incorporated . 
to the necessary depth.;to protect the root syster from ' 
nematode attack, 'Research is being conducted with . both 
Vliquid and granular formulations of non-£umigant type 
/ riematicides. In general {^e granular formulations are less ' 
^o^i^ "^o humans and provide better nematode control per 

pound of active ingredient, * . .. * • 

■ • ■ ^ ■ . 
■ , ■ ■ . ■ . ■ . -V . , . . _j ■ . . ■• ■ .. ' ■ 

Research /rs conducted in Virginia for at least - two years 
on chemical rates and method of chemical application prior, 
to considering the ^hemital-for recommendation | Major crops 
for n^maticide usage i^ Virginia are on tobaccc 
soybeans, and sweet potato. : 



, peanuts , 



Non-fumigant type nematicides have an advantage^ for nematode , 
control in tQbaccp because there is no waiting period 
between time of chemical appircation and trafisplanting 'tobacco . 
Also, soil moisture and t^emperature are not critical factors 
when applying non-fumigant nematicides. Some of the non- 
fumigant nematicides also -provide control of certain insects 

^maticides 'which haV^e beeij ./tested under Virginia conditions ~ 
. a^d TpTov,e-rG"'h"&-^'^^^ stid profitable to use. are recommended 

in the Virginia Plant Disease Control .Guide, Series #2, -which' 
is'published annually.by yPI^SU Extension, Division. . ' - 



